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ELECTRDni-fin 



“ ■ ■ • . fun and entertainment 
as well as education" — 

(EVERYDAY ELECTRONICS mag.) 


This is the final opportunity to obtain this first-class 
multi-project kit at little more than its 1977 prlcel 

(Current value over £40). 


Circuits are constructed by plugging the encapsulated 
components into the boards provided, following the 
instruction manual. Technical details are also given 
concerning each project. The components are used 
over and over again and you can design your own 
circuits too, or use the kit as a useful testing board. 
No previous experience of electronics is required but 
you learn as you build—and have a lot of fun too. The 
kits are safe for anyone. 

SR-3A KIT (16*" 10" 2*') £29-95 



All kits are guaranteed and supplied complete with 
extensive construction manual PLUS Hamlyn's 
"All Colour” 160 page book "Electronics” (free of 
charge whilst stocks last). 

Prices include educational manual, free book, VAT, 
p & p (in the UK), free introduction to the British 
Amateur Electronics Club. 

PLEASE NOTE OUR NEW ADDRESS. 
PERSONAL CALLERS WELCOME. 


Delivery frequently by return but please allow 14 DAYS 
Cheque/P.O./Access/Barclaycard(or23pfor illustrated 
lietrature) to ELECTRONI-KIT LTD., Dept. EE. 



80 page catalogue packed with pictures and specifications 


of HiFi and PA Speaker Drive Units, Speaker Kits, 
Cabinet Kits.... 

1000 items for the constructor. 
CROSSOVER NETWORKS AND COMPONENTS. 
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP 
DISCO CABINETS - PLUS MICROPHONES - 
AMPLIFIERS - MIXERS - COMBOS - EFFECTS - 
SPEAKER STANDS AND BRACKETS - IN-CAR 
SPEAKERS AND BOOSTERS ETC. ETC. 

* Lowest prices— Largest stocks ★ 

★ Expert staff—Sound advice ★ 

* Choose your DIY HiFi Speakers in the comfort ★ 

of ou r I isten i ng lou nge. 

(Customer operated demonstration facilities) 

★ Ample parking ★ 

★ Access Visa American Express accepted ★ 


S 

0625 529599 


35/39 Church Street, Wilmlsow, Cheshire SK9 IAS 





ELECTRONI-KIT LTD. 

388 ST. JOHN STREET 
LONDON, EC1V 4NN (01-278 0109) 
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MUSIC KITS 



NEW LIST NOW READY! 
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PHONOSONICS 

DEPT EE21, 22 HIGH STREET, SIDCUP, KENT, DA14 6EH 
01 -302-6184 
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Top quality components * In-depth stock 
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HOW TO SUCCEED IN THE ELECTRONICS BUSINESS: 


available at yoi 
newsagent or 
direct for 


, ADIO &' 
,I£CTB(P[CS 


60p 


<sy □ 


INVEST 60p AND MAKE 
£2.40 net profit 


Buy Ambit's new concise component catalogue and get £! 
vouchers. Use them for a £1 discount per £10 spent. But even 
without this, you will still find WR&E offers the low prices, 
fast service and technical support facility second to none. 
Here are some examples from the current issue. 


Z80 SERIES 
Z80A 4.99 

Z80ADRT 7.50 
Z80APIO 4.10 
Z80ASIO/1 14.00 
Z80ASIO/2 14.00 
Z80ASIO/9 14.00 
Z80CTC 4.00 
Z80ACTC 4.50 
Z8001 65.00 

PROM 


C. SOCKETS 


VOLTAGE REGULATORS 
78XX1A TO-220 pos 0.51 

79XX1A TO-220 neg 0.61 

78G 1A TO-220 adj pos 1.11 

78G 1A TO-3 adj pos 3.9! 


ZTX238 

BC239 

BC307 


BC640 23p 

2SC1775A 22p 

2SA872A 18p 


BC413 lOp 2SB646A 




BC416 

BC546 


5.45 6.5536MHz 


LM317.5A adj pos 
78S401.5A ad] pos sv 


M11BIT international 



MULTI-METER 

7 N 360TR P" J " 1 11 1 

20.000 ohm/volt hmmmammi 

DC Volts: 0-1, -1 

0-5,2-5,10-150— I 1 

250-1,000v. f - j 

mmm 

METERS: 110 82 35mm 

30pA, 50 pA, IOOpA. £5 90. 

Post 50p. 

AC Volts: 10-50, |ss=j^^d 
250-1,000 

RESISTANCE ; 

RANGES : ‘ 

XI, X10, XIK. 

X10K 
£14 10 

P.4P. 60p 

METERS: « x 50 - 34mm 

50pA, 100 pA, 1mA, 5mA, 10mA, 
25v, 1 A, 2A, 5A 

5A.25V £4 28. Post 30p. 

TRANSFORMERS 

240v Primary 

3-0-3V 100mA 82p 

6-0-6V 100mA 87p 

6-0-6v 250mA £1-22 

12-0-12v 50mA 92p 

12-0-12v 100mA £1-15 

Post on above transformers 48p. 

9-0-9V 1A £1 80 

12-0-12v 1A £2 40 

15-0-15C 1A £2 60 

6-3v 1iA £1 80 

6-0-6v HA £2-10 

Post on above transformers 87p. 

METERS: 60 x 47 x 33mm 

50pA, IOOpA, 1mA, 5mA, 10mA, 
100mA, 1 A, 2A, 25v, 50v, 

50-0-50pA, IOO-O-IOOpA. £4-76. 

VU meters. £5 32. 

Post on above meters 30p. 

All above prices include V.A.T. Send 80p for new 1982 fully illustrated 
catalogue, S.A.E. with all enquiries. Special prices for quantity quoted 

M. DZIUBAS 

158 Bradshawgate, Bolton 
Lancs. BL2 1 BA 


TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CAA14 4SG 

20D llarth Seruice Road, Brentwood, Essen 


COMPONENTS AT REALISTIC PRICES 

A SMALL SELECTION FROM OUR LARGE RANGE 

AA120 E 7^. BA102 lip. BA154 lip. BA1S5 12p. BY126 ip. BY127 lip. BY133 lip. 

BY206 26p. IN4148 Jp. IS44 4p. (BY176/BY476 Spec. Unmarked & Larger Mp). 

SILICOM RiCTIF1ER8____. „„ 4 100 v IN4002 4 

V ?N4007 <}p. 3 AMP 




larked & Large 
IS923 8p. 1 AMP. 

200V INM0212p. (BARGAIN IPACKOF 25INM02U nmarkedi 

TRANSISTORS 

AC128 1<p. AC128K 2ip. AC153K 35p. AC178K 35p. AD149 60p. AD181 35p. A0162 35p. 
AF139 35p. AF239 3ip. AL102 £170. AU113 £170. BC108 9p. BC147 ip. BC148 ip. BC149lp. 
BC160 22p. BC182LB 8p. BC183Lip. BC184Lip. BC212L9p. BC213L9p. BC23S12p. BC251 tip. 
onont or«» nrvwT I0p. BC338 12p. BC461 30p. BD131 30p. BD132 30p. BD136 33p. 

14 9p. BF195 lOp. BF198 14p. BFY50 Mp. BU20S £1 30. BU208 


BC307 12p. BC308 12p. BC 
£1 D1 4! MJeMM^Mp^MJESOM «tp."6i 
TIP42A 40p. 2N3055 40p. R2008B £2 00 

TANT BEADS. Price 1 Off (10 Off) 

1/35 lOp (9p). 22/35 lOp (8p). 33/35 lOp (7p). 47/35 lOp <8p). 68/35 lOp (8p). 1/35 lOp (to). 2-2/16 


lit 

(MAIL ORDMONLY) 


00/16 iSp (Mp). U 4 

IRDER. Over £0 00 POST FREE. ADD VAT AT 15%. CAT FI 

C. H. J. SUPPLIES 

STATION RD„ CUFFLEY, H 



THIS Christmas 

treat yourself to a 

HOME RADIO 
CATALOGUE 

• About 2,000 items clearly listed. 

• Profusely illustrated throughout. 

• Large A-4 size pages. 

• Bargain list, order form and 2 
coupons each worth 25p if used 
as directed, all supplied free. 
Price £1, plus SOp for post, 
packing and insurance. 

Send cheque or P.O. for £150 

HOME RADIO Components Ltd 

SttS P 8?^y° X "■ LO "T^ii 
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ELECTRONIC GAMES 


rCOLOUR CARTRIDGE 

I |TS r : V - GAME - 



.a€S 3 _-_. 

SEMI-PROGRAMMABLE T V. GAME 
• Cartridges + Mains 

S? Price L73 E39.S0 

W REDUCED TO: me vat ^ 


DATABASE T.V. GAME 



FULLY PROGRAMMABLE 
CARTRIDGE T.V. GAME 


NOW REDUCED TO: 


£59 



SPACE INVADERS 



U/RADOFtN/ACETRONIC/Ph 

MATTEL E /VG VRO WTRON/ 

^ DATABASE^NTERTO! 


CHESS COMPUTERS 


ifferenr Chess computers: 



TELETEXT I» as# 



0«ACL£ television information services. 

THIS NEW MODEL INCORPORATES: 


ew SUPERIMPOSE^ 


r SPEAK & SPELL 


WW REDUCED TO 

£39.sotMT 


HAND HELD GAMES 

I EARTH INVADERS 


LS"£23.95; 


HAND HELD GAMES 

IGALAXY. 

11000 



ADDING MACHINE 

OLYMPIA HHPIOIO 

1:347 


24 TUNE ^ 

ELECTRONIC DOOR 

—i BELL £1970 

NOW REDUCED TO: 

£12.70 nc VAT 


THE OLYMPIA — APPROVED FOR use with the 
BRITISH TELECOM NETWORK 

TELEPHONE ANSWERING MACHINE 

WITH REMOTE CALL-IN BLEEPER 



MATTEL T.V. GAME 



PRESTEL 

VIEWDATA 



FOR FREE BROCHURES -TEL: 01-3011111 


,r ^ 

3JJJ '3A 
vfJrJP 

•Miniilr ••iilll mill 'Miinill 1 «iilll ^ 


SILICA SHOP LIMITED «/o ,/82 

1-4 The Mews. Hatherley Road. Sidcup. Kent DAI 4 4DX 
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MEMQbM 

CONTINUE THEIR SPECIAL OFFER 

mini 20 

20kn/V d.c. 6-6kQ/V a.c. 

multimeter 

only £19.50 

INCLUSIVE OF POST 
PACKAGE—V. A.T. 



The Mini 20 is an ideal instrument for the constructor. 
This special offer is a wonderful opportunity to acquire 
an essential piece of test gear with a saving of nearly £10 
on the normal retail price. 

The 26 ranges cover all likely requirements. Operation is 
straight-forward, just turn the selection switch to the re¬ 
quired range. 

RANGES: 

d.c.V: 100mV, IV, 10V, 30V, 100V, 300V, 1000V. 
a.c.V: 10V, 30V, 100V, 300V, 1000V. 
d.c.l: 50u A, 1mA, 10mA, 100mA, 1A, 3A. 
a.c.l: 3mA, 30mA, 300mA, 3A. 

Ohms: 0-lkQ, 10kn, lOOkO, 1MO. 

Accuracy: 2%d.c. & resistance, 3% a.c. 
Dimensions: 105 x 130 x 40mm 
Movement protected by internal diode and fuse. 

The instrument is supplied complete with case, leads 

and instructions. 


For details of this and the many other exciting instru¬ 
ments in the Alcon range, including multimeters,, 
component measuring and electronic instruments please 
write or telephone: 


^ Instruments Ltd. 


19 MULBERRY WALK ■ LONDON SW3 60Z • TEL: 01-352 1897 - TELEX: 918867 


E.E. PROJECT KITS 


ike us your No. 1 SUPPLIER OF KITS and COMPONENTS for E.E. Projects. We supply 
refully selected sets of parts to enable you to construct E.E. projects. Kits include ALL 
lied and roller tinned) or Veroboard are, of course, included as specified in the original 
icle, we even include outs, screws and I.C. sockets. PRICES INCLUDE CASES unless 
lerwise stated. BATTERIES ARE NOT INCLUDED. COMPONENT SHEET INCLUDED. 


SOUND TO LIGHT. N- 


HORN SPEAKER. £< 


CAPACITANCE METER. O. 
SUSTAIN UNIT. Oct. 81. i 
‘POPULAR DESIGNS’. Oc 


CONTINUITY TESTER. £3 
PHOTO FLASH SLAVE. £3 


BICYCLE ALARM. C 
mounting brackets. 

IRON HEAT CONTROL. 0< 

BEDSIDE RADIO. Sept. 80. .. 

TTL LOGIC PROBE. Sept. 80. £4 85. 
COURTESY LIGHT DELAY. June 80. 


SIGNAL TRACER. June 80. £5 88. 
ZENER DIODE TESTER. June 80. £6 23. 
4 STATION RADIO. May 80. £15 31 less 
LIGHTS WARNING SYSTEM. May 80. 
BATTERY VOLTAGE MONITOR. May 
CABLE & PIPE LOCATOR. Mar. 80. 
KITCHENTIMER. Mar. 80. £13 70. 
STEREO HEADPHONE AMPLIFIER. 


LED°SAND G LASS. 
WHEEL OF FORTUNE. A 
CMOS^ETRONOME. Au< 


SLIDE/TAPE SYNCHRONISER. Feb. 
MORSE PRACTICE OSCILLATOR. 
SPRING LINE REVERB. UNIT. Jan. 80. 


BURGLAR ALARM SYSTEM. Ju 

ess bell, loop & Mic’s. £38 30. 

TAPE AUTO START^June^EI 
LOOP AERIAL CRYSTAL SET. Ju 

LOCATOR *.«=. may o.. «.» «». 

SOIL MOISTURE INDICATOR E.E. 


T.V. INTERFERENCE FU-TERS^EJE. 

GUITAR HEADPHONE AMPLIFIER 

ALARM E E E M L Jf*!?**** ' BABY 
DIGITAL RULE (ultrasonic) April 81. 

INTERCOM. 


DARKROOM TIMER. July 79. £1 
ELECTRONIC CANARY. June79. 
TRANSISTOR TESTER. April 79 
TOUCH BLEEPER. April 79. £3 1 
ONE TRANSISTOR RADIO. M 


VEHICLE IMMOBILISER. I 


■MODULATED TONE DOORBELL. 
BENCH POWER SUPPLY. Mar. 81. 
TREBLE BOOST. Mar. 81. £8 84. 

CAR ACTUATED DRIVEWAY LIGHT. 
THREE CHANNEL STEREO MIXER. 
sldNAL TRACER. Fab. 81. £7 84 less 


F. SIGNAL GENERATOR. S 


SSSKSS" EFFECTS 3 G^ENERA- 


PHONE/DOORBELL REPEATER. Ji 

« V -88?Hlgh quality case *8 S. 0 *"* *“* ELECTRONIC DICE. Mar. 77. £5 31. 

LATEST KITS: S.A.E. OR ’PHONE FOR PRICES 
TRAIN SET ACCESSORIES 

MOD|LR^I^WA^SPK^CONTR<W.LER^ contro| _ from 2erQ t0 fu|| #p9ed Fofwa( 


95. Published Sept. 81 


TWO TONE TRAIN HORN Feb. 81. £5 24 


STEAM LOCO WHISTLE Mi 
TWO TONE —-- 

CHUFFER J< 

BOOK-MODEL RAILWAY PROJECTS I 
ELECTRONIC 


PCBs 

for 

E.E. 


MODEL RAILWAY SPEED CONTROLLER. Set 

CMOS DIE. Sept. 81 . 

WHEEL OF FORTUNE. Aua. 81 (pair) 

COMBINATION LOCK. July 81 . 

BENCH POWER SUPPLY. Mar. 81 

MODEL RAILWAY POINTS CONTROLLER. M 

SOUND TO LIGHT. Nov. 80 . 
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MAGENTA ELECTRONICS LTD 




CATALOGUE 

c!ud«d 1 ll Up- i to-datB^prtclri*l*t«nclOMd! r AI ^product* 
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■ BRANDLEADING ELECTRONICS 

NOW AVAILABLE IN KIT FORM 


SX1000 

Electronic Ignition 

• Inductive Discharge 

• Extended coil energy 
storage circuit 

• Contact breaker driven 

• Three position changeover switch 

• Over 65 components to assemble 
Patented clip-to-coil fitting 


MAGIDICE 

Electronic Dice 

• Not an auto item but great fun 
for the family 

• Total random selection 

• Triggered by waving of hand 

• Bleeps and flashes during a 4 second 
tumble sequence 

• Throw displayed for 10 seconds 

• Auto display of last throw 1 second in 5 

• Muting and Off switch on base 

• Hours of continuous use from PP7 battery 

• Over 100 components to assemble 

• Supplied in superb presentation gift box 



SX2000 

Electronic Ignition 

• The brandleading system 
on the market today 

• Unique Reactive Discharge 

• Combined Inductive and 
Capacitive Discharge 

• Contact breaker driven 

• Threp position changeover switch 

• Over T30 components to assemble 

• Patented clip-to-coil fitting 

• Fits all 12v neg. earth vehicles 



Electronic Ignition 

• The ultimate system • Switchable 
contactless. • Three position switch with 

Auxiliary back-up inductive circuit. 
_ Reactive Discharge. Combined capacitive 
and inductive. • Extended coil energy storage 
circuit. • Magnetic contactless distributor trigger- 
head. • Distributor triggerhead adaptors included. 
• Can also be triggered by existing contact breakers 
• Die cast waterproof case with clip-to-coil fitting • Fits 
majority of 4 and 6 cylinder 12v neg. earth vehicles. 

• Over 150 components to assemble 


AT-80 

Electronic Car Security System 

• Arms doors, boot, bonnet and has security loop to protect 
fog/spot lamps, radio/tape, CB equipment 

• Programmable personal code entry system 

• Armed and disarmed from outside vehicle using a special 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen • Fits all 12V neg earth vehicles 

• Over 250 components to assemble 


VOYAGER Car Drive Computer 

• A most sophisticated accessory. • Utilises a single chip mask 
programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd. • Affords 12 functions centred 
on Fuel, Speed, Distance and Time. • Visual and Audible alarms 
warning of Excess Speed, Frost/Ice, Lights-left-on • Facility to 
operate LOG and TRIP functions independently or synchronously. 

• Large 10mm high 400ft-L fluorescent display with auto 
intensity. • Unique speed and fuel transducers giving a 
programmed accuracy of + or — 1%. • Large LOG & TRIP 
memories. 2,000 miles. 180 gallons. 100 hours. • Full Imperial 
and Metric calibrations. • 0ver300 components to assemble 
A real challenge for the electronics enthusiast! 



SELF 

ASSEMBLY 

KIT 

READY 

BUILT 

UNITS 

SX 1000 

£12.75 

£27.95 

SX 2000 

£19.95 

£43.75 

TX 2002 

£29.95 

£62.95 

AT. 80 

£24.95 

£49.75 

VOYAGER 

£49.95 

£84.75 

MAGIDICE 

£12.95 

£19.95 


jjj^PRICES INC. VAT. POSTAGE & PACKING SEND ONLY SAE^FBROO^E IS REOUIREC 



24 hr. Answerphone 

PHONE YOUR ORDER WITH AGCESS/BARCLAYCARD ^ 
SEND ONLY SAE IF BROCHURE IS REQUIRED 


m\ 

CUT OUT THE COUPON NOW! 
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INFORMATION YEAR 

The start of—a new year offers an excuse for recalling the past and 
anticipating the future. When our ruminations involve electronics we 
quickly come to realise that much has happened to justify earlier pre¬ 
dictions and that today we live in a society very dependent both for 
work and pleasure upon the products created by this technology. A world 
without electronics is simply not imaginable to anyone under around 
forty. And it is a fair bet that even those whose memories can take them 
back to the days before electronics entered the vocabulary would be 
reluctant to dp without their TV or hi-fi, or maybe personal computer, 
to say nothing of the countless less obvious but very important electronic 
appurtenances that contribute “behind the scenes” to the higher standard 
of living we enjoy today. 

A notable development over the past few years has been the bringing 
together of different branches of applied electronics to form comprehen¬ 
sive systems where, for example, vision and sound are complementary 
to computing, and where distance between equipments has become no 
object thanks to flexible telecommunications networks, which may include 
space satellites. 

This kind of integration of electronic functions is well illustrated by 
Information Technology. The purpose of this newly created, or rather 
newly labelled, technology is to exploit computing and other data pro¬ 
cessing techniques by co-ordinating them with the latest methods for 
communicating and interfacing with people or other machines. The 
ability to have immediate access to vast stores of facts and figures with 
computing capabilities also on hand is bound to transform the running 
of businesses, industries and large administration centres like govern¬ 
mental departments. Eventually similar facilities will be available in the 
home, Prestel viewdata and Teletext being a taste of what is to come. 

There are, of course, social as well as economic implications in the 
large scale use of Information Technology. Will we be able to make 
sensible use of all the data and information likely to be instantly avail¬ 
able? How secure will these information sources be; will it be possible 
to ensure that private and confidential information does not get into the 
wrong hands—or onto the wrong VDU screen? 

But whatever forebodings there may be, there can be no doubt about 
the coming of the “information revolution.” For vested commercial 
interests have a powerful ally in the Government. Information has 
become the in-thing, a vital aid to economic recovery, no less. To ram 
this fact home, the Minister of State appointed to watch over this young 
technology announced recently that 1982 has been designated Information 
Technology Year. So everyone should get the message during the coming 
months, even though it’s via the old fashioned printed word in newspaper 
or magazine. 



Readers’ Enquiries 

We cannot undertake to answer readers' letters requesting modifications, 
designs or information on commercial equipment or subjects not published 
by us. All letters requiring a personal reply should be accompanied by a 
stamped self-addressed envelope. 

We cannot undertake to engage in discussions on the telephone. 
Component Supplies 

Readers should note that we do not supply electronic components for 
building the projects featured in EVERYDAY ELECTRONICS, but these 
requirements can be met by our advertisers. 

All reasonable precautions are taken to ensure that the advice and data 
given to readers are reliable. We cannot however guarantee it, and we 
cannot accept legal responsibility for it. Prices quoted are those current 
as we go to press. 


Certain back issues of EVERYDAY ELECTRONICS are available 
worldwide price 80p inclusive of postage and packing per copy. Enquiries 
with remittance should be sent to Post Sales Department, IPC Magazines 
Ltd., Lavington House, 25 Lavington Street, London SE1 0PF. In the event 
of non-availability remittances will be returned. 


Binders 

Binders to hold one volume (12 issues) are available from the above 
address for £4-30 (home) £4-55 (overseas) inclusive of postage and packing. 
Please state which Volume. 

Subscriptions 

Annual subscription for delivery direct to any address in the UK: £11 00. 
Overseas: £12 00. Cheques should be made payable to IPC Magazines 
Ltd., and sent to Room 2613, Kings Reach Tower, Stamford Street, 
London SE1 9LS. 
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AUTOMATIC 




GARAGE 

PART ONE 


DOOR 

BY P. HORSEY 


In this age of automation surpris- 
■ ingly few people are able to enjoy 
the benefits of an automatic garage 
door. Yet what could be more luxuri¬ 
ous, on those cold, wet and windy 
days, than driving towards a door 
which obediently opens before you at 
the press of a button. 

Commercially available automatic 
doors can be very expensive, so it was 
decided to design a system which 
would operate on an existing up-and- 
over door. The result may not be as 
neat as a professional assembly, but 
the cost can be reduced by a sub¬ 
stantial amount depending upon the 
type of motor selected. 

To the electronics enthusiast, the 
circuits required to receive the ultra¬ 
sonic signals from the car, process 
them, and start and stop the motor 
at the correct times are reasonably 
straightforward. The mechanics in¬ 
volved may seem complicated at first 
sight, but in fact, little specialised 
skill is required, and any person who 
is capable of fixing a shelf could 
tackle this project with confidence. 


ULTRASONIC REMOTE 
CONTROL 

The system to be described is in¬ 
tended for use on the rigid up-and- 
over type garage door and is based 
on having the door counterbalanced 
so as to be slightly biased towards 
opening. 

An electric motor and gearbox com¬ 
bination then either permits the door 
to open by gradually releasing a cord 
or closes the door by winding the 
cord up again. 

A solenoid is also incorporated to 
unlock the door. 

The door can now be remotely 
operated from the driving seat of the 
approaching car with the use of an 
ultrasonic transmitter, the receiver 
mounted into the garage door frame. 
A push-button switch on the inside 
of the garage will close the door (or 
open it, should the motorist be taking 
the car out from the garage) once the 
car has been put away. 

Various fail-safe mechanisms are 
included to prevent damage to the 


car should the door close prematurely 
and to protect the motor in the event 
of the door being unable to close 
fully. 

A block diagram of the electronic 
control is shown in Fig. 1. 


SUITABILITY 

The basic mechanics of automating 
a garage door are to be outlined first, 
since it is essential to establish the 
feasibility of the project, before 
building the circuits required. The 
whole project comprises of four main 
sections; the ultrasonic transmitter 
(fitted into the car); the ultrasonic re¬ 
ceiver; the logic control circuit and 
the mechanics, including the door 
micro-switches and “safety cut-out 
circuit”. 

Each section is complete in itself, 
and some readers may find other ap¬ 
plications for parts of the project. 
The logic circuit for example, is ap¬ 
propriate for any open/close, or up/ 
down system from lifts to automated 
curtains! 
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GARAGE DOOR 

It is essential at this stage to check 
that the garage door can be closed 
and opened in the following way: 
(see Fig. 2). Unlock the door and pull 
gently in direction A. The door 
should begin to open, and it may rise 
under its counterbalance weights or 
springs. If it tends to stick, a vertical 
force in direction B should open it 
fully. 

Now fix a cord to point P (to one 
side of the door) and pull down to¬ 
wards C, in direction of arrow. It 
should be possible to close the door 
fully, pulling only from point C. 

If the door works in this way, it 
will be noted that only three forces 
are required to open and close the 
door. Force C is provided by the motor 
winding up a cord, force A is pro¬ 
vided by a spring, and force B (if 


CONTROL 
ELECTRONICS 
FOR THE 
GARAGE 
DOOR 
SYSTEM 


Electronics 

Approx. 

Cost 

£42 




Fig. 2. (a), (b) and (c) show the forces required, and the directions in which they act, to open and close an up-and-over garage door 
(d) Shows the way in which two of these forces are achieved. 


necessary) by a weight and two pul¬ 
leys as shown in Fig. 2(d). 

The actual arrangement will vary 
according to the geometry of the 
garage, and detailed measurements 
will not therefore be provided. Be¬ 
fore starting work, check that the 
door operates freely, and does not 
stick at any point. The importance of 
this cannot be over stressed. 


MECHANICAL ASSEMBLY 

The actual construction and instal¬ 
lation of the mechanics involved will 
be discussed in depth in Part Two of 
this article next month. The majority 
of the mechanical components, with 
perhaps the exception of the motor, 
should be readily available from 
builders merchants or hardware 
stores, or even scrounged from old 
scrap. 

The ultrasonic receiver and trans¬ 
mitter circuits will be detailed first, 
each being treated as a separate unit. 
Part Two will deal with the Control 
Logic circuit construction, the mech¬ 
anical modification and, finally, the 
fitting of the system as a whole to 
fully automate the up-and-over type 
garage door. 


ULTRASONIC TRANSMITTER 



The finished Ultrasonic Transmitter with 
remotely wired transducer and switch. 


IIaving experimented with optical 
” and infra red systems, an ultra¬ 
sonic remote control system operating 
at 40kHz was chosen for its overall 
effectiveness regarding cost and 


operating distance. Ultrasonic trans¬ 
ducers are available in pairs (which 
in most cases means that either unit 
may be the transmitter or receiver) 
or sold as individual units, where the 
transmitting and receiving units are 
different. 

Both combinations of these devices 
have been tiied in the transmitter 
and the receiver, and little difference 
in performance was observed. 


CIRCUIT DESCRIPTION 

The circuit (see Fig. 3) is designed 
for operation from a nine volt bat¬ 
tery. While the car battery supply 
could be used, the saving made 
hardly justifies the extra components 
required, especially when the life of 
the battery will probably approach 
the life of the car battery! 

The transmitter is activated by 
pressing push button switch, SI, 
which must be held down for a few 
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COMPONENTS 


ULTRASONIC TRANSMITTER 


Transmitter with lid removed to show the 
way in which the board and PP3 battery 
are mounted. 


TRANSMITTER 

Resistors 
R1 10kn 

±W carbon ± 5% 


lOOOpF polystyrene 
0-01 /tf polyester 
100/iF 25V elect. 


Shoi 




Semiconductors 
IC1 555timer ■ 

D1 1N4001 page 30 

Miscellaneous 
B1 9V battery (PP3) 

SI push-to-make, 

non-latching 

VR1 10kfl miniature 

horizontal preset 
XI 40kHz ultrasonic 

transducer 

Stripboard, 0-1 inch matrix, 8 
strips by 23 holes; case size 72 x 
50 x 25mm (Vero type 75-1469L); 
wire; battery clip; 8 pin d.i.l. i.c. 
holder. 




Fig. 4. Stripboard layout of the Transmitter, showing track breaks on the underside. 
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seconds (as determined by the preset 
VR2 in the receiver). The 40kllz 
signal required to drive the trans¬ 
ducer, XI, is obtained from IC1, the 
popular 555 timer, in the astable 
multivibrator configuration function¬ 
ing as an oscillator. The values of 
Cl, R1 and VR1 are chosen to pro¬ 
vide this frequency, VR1 being ad¬ 
justed to ensure the maximum output 
is obtained from the transducer. 
Capacitor C2 also aids decoupling, 
and enhances stability. Capacitor C3 
decouples the supply. 



CONSTRUCTION 

A piece of 01 inch stripboard 
measuring 8 strips by 23 holes is used. 
In practice the size should be chosen 
to achieve a good fit in the case. 
See Fig. 4. 

Break the tracks as shown (seven 
breaks altogether) and assemble the 
components, starting with the i.c. 
socket, wire links, and preset VR1. 
The other components should be 
added, checking the polarity of C3 
and Dl. 

Decide at this stage where and how 
the device will fit inside the engine 
compartment of the car, and whether 
the transducer will be fixed by itself, 
or attached to the case of the trans¬ 
mitter unit. The transducer should be 
mounted in a position where it can 
directly face the receiver, DO NOT 
FIT THE DEVICE TO THE CAR AT 
THIS STAGE, but establish the 
lengths of wire required to link the 
stripboard with the transducer and 
the push-button switch, SI. 

Remember that this switch will be 
fitted below the dashboard and the 
wires must be long enough to reach 
the transmitter unit inside the car. 
Finally insert IC1 into its holder ob¬ 
serving the correct orientation. 


TRANSMITTER CASE 

A small plastic case 72 x 50 x 
25mm was used. Two holes, one for 
the transducer wires and the other 
for the push-button switch wires were 
drilled. The stripboard may be 
secured by means of self-adhesive 
foam rubber pads, and likewise the 
PP3 battery may be fitted. Holes for 
mounting the completed transmitter 
must also be drilled in the case. 

The transmitter should be kept on 
the workbench ready for testing and 
tuning when the receiver has been 
constructed. 
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T he ultrasonic receiver is housed 
in a separate case to . the power 
supply and control logic circuits. This 
reduces the chance of noise being 
picked up from the transformer, re¬ 
lays and motor, and allows the re¬ 
ceiver to be placed near the receiv¬ 
ing transducer thus avoiding the use 
of long connecting wires in this very 
sensitive area. 


RECEIVER CIRCUIT 
DESCRIPTION 

This circuit is based on an opera¬ 
tional amplifier type 748, see Fig. 5. 
This is similar to the popular 741, 
but offers external frequency compen¬ 
sation, so with a suitable capacitor 
(C4) across pins 1 and 8, provides im¬ 
proved high frequency gain. 

The signal from the transmitter is 
received by the transducer XI, is 
amplified by transistor TR1, and then 


the output is applied to IC1 via coup¬ 
ling capacitor C2, the gain control 
pot, VR1, and capacitor C3. Resistors 
R5 and R6, and capacitors C5 and C6 
form a filter which produces maxi¬ 
mum gain at about 40kHz. This, to¬ 
gether with the low values of C2 and 
C3 limits the sensitivity of the circuit 
at audio frequencies. 

The output from IC1 is coupled via 
d.c. blocking capacitor C7 to the vol¬ 
tage doubler and detector diodes Dl 
and D2. When a 40kHz signal is re¬ 
ceived by the transducer, a steady 
voltage develops across capacitor C8. 
Resistor R8 is for discharging C8 
under a no-signal condition. 

When the signal is received, trans¬ 
istor TR2 switches on, Its collector 
voltage falling almost to zero. Trans¬ 
istor TR3 is turned off, and the cur¬ 
rent flowing through VR2 and RIO 
flows via Rll to charge up capacitor 
C9. 


COMPONENTS'^ 

RECEIVER 


Resistors 

R1 6-2MD 

R2 100M1 

R3, 4, 5 1MD (3 off) 

R6, 7 1 kD (2 off) 

R8 82kD ■ U 

R9 4-7MO ■ L 

R10j 11 22kD (2 off) 

All ±W carbon ± 5% 

£7*80 

Capacitors 

Cl 100/»F 25V elect. 

C2, 3, 5, 6 lOOpF ceramic (4 off) 

C4 3-3pF ceramic 

C7, 8,10 0-1/«F polystyrene (3 off) 

C9 22/i F 25 V elect. 

Cpp 

IE 

Semiconductors 

IC1 748 operational amplifier 8 pin d.i.l. 

Dl, 2 OA91 germanium signal (2 off) 

TR1, 2, 3 BC184L silicon npn (3 off) 

Miscellaneous page 30 

VR1 47kO miniature horizontal preset 

VR2 100ka miniature horizontal preset 

XI 40kHz ultrasonic transducer 

Stripboard, 0-1 inch matrix, 14 strips by 42 holes; diecast box size 113 x 63 x 
31mm; small grommets (2 off); wire; screened cable; 8 pin d.i.l. i.c. holder; 
board mounting hardware. 















Fig. 6. Stripboard layout of the Receiver, the bottom view showing the positions of all track breaks. 


16 


Everyday Electronics, January 1982 









































































Hence the voltage on C9 slowly 
rises, its charge rate determined to 
a large extent by VR2. Thus a steady 
signal lasting for a preset time must 
be received before the logic circuit of 
the next stage is triggered. This, to¬ 
gether with the narrow band fre¬ 
quency selectivity of the amplifying 
stage makes the unit very insensitive 
to stray noise. 

Under no signal conditions transis¬ 
tor TR2 is cut off, and enough current 
flows via resistor R9 into the base of 
TR3, turning it on, maintaining its 
collector at nearly zero volts, hence 
the current flowing via preset VR2 
and RIO now sinks through TR3. 

C9 will also be discharged through 
TR3, therefore no output is present 
under these conditions. Decoupling is 
provided by capacitors Cl and CIO. 



CONSTRUCTING THE 
RECEIVER 

The receiver is constructed on 01 
inch matrix stripboard measuring 42 
holes by 14 strips (see Fig. 6). 

Rreak the tracks where shown (15 
in all) and solder in the wire links, 
i.c. socket, presets VR1 and VR2, and 
resistors. The diodes, electrolytic 
capacitors and transistors must be 
fitted the correct way round, the 
non-polarised capacitors can be fitted 
either way. The i.c. may now be in¬ 
serted, again observing the correct 
orientation. 

Finally solder the connecting wires 
and screened cable to the ultrasonic 


detector, ensuring that the screen con¬ 
nects the case pin of the detector 
with the OV track on the circuit 
board. Note also that this lead will 
have to be threaded through the case 
of the receiver, and through the hole 
in the garage door frame (yet to be 
drilled). 


DIECAST CASE 

In order to provide electrical 
screening, a diecast box should be 
used to house the receiver circuit. 
The box used in the prototype 
measured 113 x 63 x 31mm. 

Begin by drilling holes for the 
earthing screw, securing screws, 
transducer lead and output/power 
leads. Rubber grommets should be 
fitted where any leads pass through 


the case, and the stripboard may be 
mounted by any convenient method, 
taking care not to allow the case to 
cause a short circuit. 

Finally the lead from the 0V track 
(marked chassis on Fig. 6) should be 
fixed to the case by means of a solder 
tag connection. 


TESTING THE ULTRASONIC 
SYSTEM 

A 12V power source is necessary to 
test the receiver as the power supply 
on the control logic circuit has yet to 
be built. 




Connect a voltmeter set to read 
about 5 volts between the test point 
at D2 “k” and 0 volts on the receiver. 
Set up the transmitter and the re¬ 
ceiver with the two transducers fac¬ 
ing each other, a few centimetres 
apart. 

Adjust the transmitter preset, VR1, 
to about the half way point, and set 
the receiver preset VR1, gain con¬ 
trol, to full gain, that is fully clock¬ 
wise. 

Switch on the receiver 12V power 
supply, and observe the voltmeter. It 
should read zero. Connect the trans¬ 
mitter power supply (PP3 battery) 
and check that the voltmeter now 
gives a reading when transmitter 
switch, SI, is made. Adjust the trans¬ 
mitter preset, VR1, if necessary to 
obtain a maximum reading. 


Move the transducers much further 
apart (up to 10 metres), and again 
adjust the transmitter preset for a 
maximum reading. 

Reset the voltmeter to read 12V, 
equal to the power supply, and con¬ 
nect the positive meter terminal to 
the “output” lead from the receiver. 
Set VR2, rise time control, to a 
midway position, and switch on the 
transmitter. The voltmeter reading 
should slowly rise to nearly the sup¬ 
ply voltage, and fall to zero when the 
transmitter is turned off. Adjusting 
VR2, will alter the time taken for the 
voltage to rise, thus setting the delay 
time before the control logic is 
activated. 



Finished Receiver board assembly. 
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M odel railway layouts can be fitted 
with numerous accessories to give 
greater realism, and this does not just 
include items which give improved 
realism visually. Various sound effects 
units for model railways can be pro¬ 
duced, and the “chuffer” unit described 
here is an example of such a unit. 

When the model train is stationary 
the unit produces a “hissing” sound 
(to feed on amp/speaker) which simu¬ 
lates the sound of a steady stream of 
steam escaping from a stationary 
locomotive. When the train starts to 
move, the “chuffing” sounds are pro¬ 
duced, and the unit responds to the 
track voltage so that as the speed of 
the train increases and decreases, so 
does the “chuffing” rate. 

The unit can be adjusted so that 
the “chuff” sounds commence as the 
train starts to move. 

The unit does not have an integral 
amplifier or loudspeaker, and is in¬ 
tended to feed into a hi fi system, 
record player, or any suitable ampli¬ 
fier. Best results seem to be ob¬ 
tained with a fairly high power ampli¬ 
fier and a large speaker, but quite 
good results can be obtained using a 
simple battery powered amplifier hav¬ 
ing an internal miniature speaker if 
preferred. 

This chuffer unit should work with 
any normal type of train controller 
without any modifications being re¬ 
quired. It will operate with types that 
have an unsmoothed or pulsed output 
just as well as with types having a 
smoothed output. 


SYSTEM PRINCIPLES 

Consider the block diagram of 
Fig. 1. 

The voltage across the track is fed 
to the control input of a voltage con¬ 
trolled oscillator, and the latter is de¬ 


signed so that it fails to operate with 
a low input voltage, and has an oper¬ 
ating frequency that rises steadily as 
the input voltage is increased above 
a certain threshold level. It is this 
oscillator that sets the “chuff” rate. 

With many controllers the voltage 
on the track is not a steady d.c., but is 
simply a rectified a.c. signal, or a 
series of pulses. In either case the 
motor responds to the average d.c. 
potential across the tracks, and the 
voltage controlled oscillator must also 
be designed to respond to the average 
level, rather than the level present 
from one instant to the next. 


This is achieved simply by adding a 
low pass filter at the input to inte¬ 
grate the pulses and give a reasonably 
smooth d.c. output. This also filters out 
any noise spikes placed on the track 
supply by the electric motor in the 
locomotive. 

BRIDGE CIRCUIT 

The voltage controlled oscillator 
must also respond properly to an in¬ 
put voltage of either polarity since the 
direction of the train is controlled by 
switching the polarity of the track 
supply, and both polarities will be 
used. This problem is easily overcome 
by adding a bridge rectifier at the in¬ 
put so that the polarity of the signal 
fed to the control input of the voltage 
controlled input is always the same, 
regardless of the track supply polarity. 


A white noise generator produces a 
“hissing” sound which is very similar 
to the sound of escaping steam, and a 
noise generator is therefore used to 
produce the basic signal of the 
chuffer. The output of the noise gen¬ 
erator is quite weak and it is therefore 
amplified before being applied to a 
voltage controlled attenuator. From 
here the signal is fed to the output. 

HISS AND CHUFF 

The voltage controlled attenuator is 
controlled by the output signal of the 
voltage controlled oscillator. The cir¬ 
cuit is arranged so that with the 
voltage controlled oscillator not oper¬ 
ating, the noise signal is moderately 
attenuated, and produces a reasonably 
strong output signal. This is the re¬ 
quired steady “hissing” sound of a 
stationary steam locomotive. When 
the voltage controlled oscillator starts 
to operate it switches the voltage con¬ 
trolled attenuator between full output 
and zero output, so that bursts of 
noise are produced at the output 
and the desired “chuffing” sound is 
generated. 

CIRCUIT DESCRIPTION 

Now consider the circuit diagram. 
Fig. 2. R1 and Cl form the low pass 
filter at the input and D1 to D4 form 
the bridge rectifier. The voltage con 
trolled oscillator is based on TR1 and 
IC1, the latter being a cmos 555 timer 
i.c. (the ICM7555) used in the astable 
mode. The cmos version is used here 
merely because it gives the circuit a 
much lower current consumption 
(around 2mAinstead of 10mA). 


With no input voltage to the unit 
TR1 will be switched off and there is 
no charge path for timing capacitor 
C3. The oscillator therefore fails to 
operate. With a track voltage of rea¬ 
sonable proportions present, TR1 is 
biased into conduction by way of R2 
and oscillations are produced. The 
higher the track voltage, the more 
heavily TR1 conducts, and the higher 
the frequency of oscillation. VR1 is 
adjusted so that oscillation com¬ 
mences at the appropriate track 
voltage. 

R5 is included in the circuit to pre¬ 
vent the oscillator from operating at 
a very low frequency due to possible 
leakage through TR1, which could 
produce the occasional “chuff” while 
the train was stationary. 


FROM ^ 
RAILWAY^^ 

LOW 

PASS 

FILTER 


BRIDGE 

RECTIFIER 


VOLTAGE 

CONTROLLED 

OSCILLATOR 


VOLTAGE 

CONTROLLED 

ATTENUATOR 

OUTPUT TO 

-► AMPLIFIER/ 

SPEAKER 







1 







NOISE 

GENERATOR 


AMPLIFIER 


Fig. 1. Block diagram of the Model Train Chuffer showing principle of operation. 
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Fig. 2. The circuit diagram of the Model Train Chuffer. An amplifier/speaker is required. 
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The prototype Chuffer before labelling of 
control panel functions. 

WHITE NOISE 

The noise signal is generated by R9 
and TR4. The base-emitter junction 
of TR4 is reverse biased and acts 
rather like a low voltage Zener diode. 
Like a Zener diode it produces noise 
spikes which collectively give the re¬ 
quired white noise signal, but this 
signal is only a few millivolts r.m.s. in 
amplitude and must be considerably 
amplified in order to give a high 
enough output level to drive most am¬ 
plifiers. The necessary amplification is 
provided by TR3 which is used as a 
straightforward high gain common 
emitter amplifier. C6 rolls off the 
upper audio response of this stage 
slightly. This is necessary because the 
pitch of the noise signal is slightly 
' too high to give a realistic effect. C5 

couples the amplified noise signal to 
the output socket. 

TR2 has its collector to emitter im- 
pedance shunted across the output of 
the unit, and the output signal level 
can be controlled by means of a signal 
to the base of TR2. With zero base 
current, TR2 is switched off and has 
such a high collector to emitter im¬ 
pedance that it has no significant 
effect. 

If it is steadily biased more heavily 
into conduction it gradually loads the 
output more heavily, thus reducing 


the output level. When biased hard 
into conduction the output level is in¬ 
significant. 

Of course, a simple voltage con¬ 
trolled attenuator of this type would 
not be acceptable in most applications 
as it generates significant amounts of 
distortion, but here it is only being 
used to control a noise signal and 
quite high levels of distortion are of 
no consequence. 

When IC1 is not oscillating, its out¬ 
put assumes the high state. TR2 is 
then biased into conduction from the 
output of IC1 via R6, but it does 
not conduct very heavily and there is 
a reasonably strong noise signal at the 
output. 


When IC1 is oscillating, on positive 
output pulses a strong base signal is 
applied to TR2 by way of C4, D5, and 
D6. This reduces the amplitude of the 
output signal to practically zero. 

When the output is negative, TR2 
does not receive any significant bias 
current through R6, or C4, D5, and 
D6, so that it switches off and the 
output is at full amplitude. Thus the 
required modulation of the output sig¬ 
nal and the “chuffing” sound is pro¬ 
duced. 

The circuit gives an output signal 
level of sound around 1 volt r.m.s. 
from a 3-9kfl source impedance, and 
this is sufficient to drive any normal 
audio amplifier. 



A voltage controlled oscillator (v.c.o.) receives its control voltage from 
the track, and has a frequency of operation that varies from zero with a low 
track voltage to several pulses per second at maximum track voltage. 

A noise generator has its output fed to a voltage controlled attenuator 
(v.c.a.) and then to an external amplifier and speaker. With the oscillator 
not operating this gives a steady, steam-like “hissing" sound from the 
i speaker. When the oscillator operates, via the v.c.a., it gives bursts of 
noise signal that produce the “chuffing" sound. 

The "chuff" rate is controlled by the frequency of the v.c.o. which is in 
turn controlled by the track voltage (and the speed of the train), so that the 
train speed and “chuff" rate match one another. 
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View of the Chuffer with lid raised show 
ing board mouhted on rear of case. 


COMPONENTS 


Resistors 
R1 22kfl 
R2 1 -2Mfi 
R3 2-7kn 
R4 27M2 
R5 2-2Mfi 
R6 1 - 2MO page 30 

R7 3-9kH 
R8 1-8MH 
R9 68ktl 

All J watt carbon ± 5% 
Capacitors 

Cl 22nF polyester (C280) 

C2 lOOnF polycarbonate 
C3 VF 25 V elect. 

C4 4- 7/uF 25V elect. 

C5 4-7/uF 25 V elect. 

C6 4'7nF ceramic plate 
C7 150nF polyester (C280) 

C8 100/iF 10V elect. 

Semiconductors 
IC1 ICM7555 CMOS timer i.c. 
TR1 BC179 silicon pnp 
TR2, 3 BC109C silicon npn (2 oft) 
TR4 2N2926 silicon npn 
(see text) 

D1 to D6 1N4148 small signal 
silicon (6 off) 




Miscellaneous 
VR1 4.7kQ carbon lin. law 
potentiometer 

SI s.p.s.t. miniature toggle 
SKI, 2 Wander sockets (2 off) 
SK3 3-5mm jack socket 
B1 9V type PP3 
Stripboard: 0-1 in matrix, 15 strips 
x 36 holes; case type BIM4004 or 
similar; control knob; p.v.c. 
covered stranded wire; output 
leads, 3-5mm jack plug to con¬ 
nectors to suit amplifier. 


Fig. 3. Layout of the components on the stripboard with breaks to be made on the 
underside. Also shows wiring between board and case mounted components. 
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STRIPBOARD LAYOUT 

The chuffer unit can be made quite 
compact and it will readily fit into a 
case measuring about 110X70X50mm. 
The controls and sockets are mounted 
on the front panel, and any sensible 
layout can be employed as the layout 
is not critical from the electronic 
point of view. 

The stripboard layout for the circuit 
is shown in Fig. 3, and uses 0-1 inch 
matrix board having 15 strips by 36 
holes. There are thirteen breaks in the 
copper strips plus the two 6BA or 
M3 clearance mounting holes to be 
made before soldering in the com¬ 
ponents and link wires. 

IC1 is a cmos device, but it has an 
internal protection circuit that elimi¬ 
nates the need for any of the usual 
cmos handling precautions. It can 
therefore be soldered direct to the 
board and it is by no means essential 
to use an i.c. socket. 

TR4 is a 2N2926 device in the pro¬ 
totype, but any silicon npn device hav¬ 
ing a low base/emitter reverse break¬ 
down voltage should work just as well. 
Devices such as a 2N2924, 2N3711, 
2N3708, BC184, and a BC238 all 
worked well in the circuit, and it is 
likely that most constructors will be 
able to find a suitable device in their 
spares box. 


Devices having a comparatively 
high reverse base /emitter breakdown 
voltage will not work properly in the 
circuit as the battery voltage might be 
inadequate to produce breakdown and 
generate the noise spikes, especially 
as the battery voltage starts to fall. 

The completed component board is 
wired to the rest of the components 
once fitted on the front panel using 
ordinary multistrand p.v.c. insulated 
wire, and the board is then mounted 
on the rear panel of the case, towards 
the top, using M3 or 6BA fixings. This 
will leave ample space for a PP3 size 
9 volt battery on the base of the case, 
and a piece of foam material can be 
used to keep the battery in position 
here. 


USING THE UNIT 

A screened lead fitted with plugs of 
the appropriate type is used to con¬ 
nect the output of the chuffer unit to 
the input of the amplifier. An or¬ 


dinary twin lead is used to take the 
voltage from the track to SKI and 
SK2, and an extra power rail can be 
included in the layout to provide a 
convenient take-off point for the track 
voltage. 

Probably the easiest way of giving 
VR1 the correct setting is to adjust 
the train controller so that the train 
is moving as slowly as possible, and 
then adjust VR1 for the lowest pos¬ 
sible “chuff” rate. After using the unit 
for a while, any fine trimming of VR1 
can then be carried out if it should 
prove necessary. 

VR1 has been made a panel control 
rather than an internal preset com¬ 
ponent so that it can easily be re¬ 
adjusted to suit a different loco¬ 
motive. 

If the amplifier has tone controls it 
is worthwhile experimenting a little 
with the settings of these to try to 
obtain optimum realism. A certain 
amount of bass boost, for example, 
can give a very good effect. 


JACif plug & family.•• bydougbaker 
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BASIC ELECTRONIC THEORYII 
WITH EXPERIMENTS 

SWITCHING CIRCUITS WITH TRANSISTORS AND INTEGRATED CIRCUITS 


S o far we have studied the action of 
three kinds of electronic component: 

(1) Resistors reduce the flow of electric 
current by a greater or lesser amount, 
depending on their resistance. 

(2) Diodes allow current to flow freely 
in one direction but allow virtually no 
current to flow in the opposite direction. 

(3) Transistors have two actions: (i) they 
act as switches, allowing a current to flow 
or not to flow, (ii) they act as variable 
resistors allowing different amounts of 
current to flow. The varying flow of 
current is itself controlled by a much 
smaller current, so transistors acting in the 
second way are amplifiers. 

Components such as transistors and 
diodes, which give a gain in current or 
voltage, or which have directional proper¬ 
ties, are called active components. Com¬ 
ponents such as resistors, which do not 
have these effects, are called passive com¬ 
ponents. 

This month we shall follow one im¬ 
portant way of using the switching property 
of transistors: 


EXPERIMENT 4.1 

The action of a switching transistor 


Fig. 4.1 shows a transistor (TR1) con¬ 
nected so as to switch an l.e.d. (Dl) on or 
off. The Verobloc layout for this Experi¬ 
ment is shown in Fig. 4.2. 

Touch flying lead X to strip A (+6V). 
This turns TR1 on. It now has very low 
resistance between d and s (about 5 Cl). If 
we think of TR1 and R4 as parts of a 
potential divider, we can calculate that the 
voltage at point Z is about 6 x (5/185)= 
016V. This is close to 0V, and certainly 
not high enough to cause a current to flow 
through the l.e.d. and light it. 

Touch X to strip M (0V). This turns 
TR1 off and its resistance is several million 
ohms. The voltage at Z becomes almost 
+6V. A current can now flow through Dl. 

Check the truth of the statements above 
by connecting the meter to Z (location 
FI 8). 
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TRUTH TABLES 

We can summarise the results of Experi¬ 
ment 4.1 in a table. In this table (Table 4.1) 
the word “low” means OV or as close to OV 
as makes no difference. The word “high” 
means the supply voltage (+6V in this 
experiment) or close to it. The second 
column shows the voltage at Z that corres¬ 
ponds to any given voltage at X. This table 
is a truth table because it tells us what is 
true about the logic of the circuit. 


Table 4. 


Table 4.2 


X 

Z 

Low 

High 

High 

Low 


Table 4.2 shows exactly the same thing, 
but represents low by “0” and high by “1”. 
It is a little quicker to write Table 4.2 
and to read from it. 

Notice that X and Z can have only two 
states—low or high, 0 or 1 respectively. 
This is because the transistor is either on or 
off. We do not allow in-between states. 

If X is 0, Z is 1. We could also say that if 
X is 0, Z is not 0. Or if X is 1, Z is not 1. 
This circuit performs a simple logical 
operation. Z is always the opposite of X. 
Z is not X. The logical operation is there¬ 
fore called not. Sometimes it is called 

INVERT. 

A circuit which performs a logical 
operation is called a logic gate. Note that 
this use of the word “gate” is different 
from its use for the gate electrode of an 
f.e.t. 

Fig. 4.1 thus shows the circuit of a not 
gate, with input X and output Z. The l.e.d. 
is not part of the gate; it is there simply to 
show the state of the output of the gate. 


EXPERIMENT 4.2 

Diode gates investigated 

Two diodes are used in the logic gate 
shown in Fig. 4.3. As before, the l.e.d. (Dl) 
indicates the state of the output (Z). Inputs 
X and Y can each be made 1 (=6V) or 0 
(=0V). Since there are two inputs, each 
with two possible states, there are four 
possible combinations of inputs. The truth 
table for this gate needs four lines: 


Inputs 

Output 

X Y 

Z 

0 0 

0 1 

1 0 

1 1 



The output column has been left blank, 
for you to fill in the results of your experi¬ 
ment. The layout for this is shown in Fig. 
4.4. The results appear on p.29. 


When you. have finished the above test, 
work out the behaviour of the gate in Fig. 
4.5, Verobloc layout Fig. 4.6. 

The input columns of the truth table 
are the same as in Table 4.3, but the out¬ 
puts are different (see p.29 for answer). 


AND and OR 

The output of the gate in Fig. 4.3 can be 
high only if both X and Y are connected to 
6V. If either X or Y are connected to the 
OV rail, current flows through D4 or D5, 
which act as resistors of low value. The 
voltage at Z becomes close to OV. 

Since both X and Y must be 1 to obtain 
an output of 1, we call this an and gate. Z 
is true (Z=l) only when X is true {X=\) 
and Y is true (T=l). 

In Fig. 4.5 the output is 1 whenever X 
or Y are connected to +6V. Connecting 
either to OV has no effect, since the diodes 
do not allow current to flow from Z to the 


OV line. Since Z is true (Z=l) when X is 
true (AT=1) or when Y is true (T=l), or 
when both are true, we call this an or gate. 


EXPERIMENT 4.3 

Combining two logic gates 


Fig. 4.7 shows the and gate with its out¬ 
put fed to the not gate. Wire up this gate 
according to Fig. 4.8 and work out its 
truth table. 

As might be expected, column Z of this 
table has the opposite values to column Z 
of the and truth table. Since this gate per¬ 
forms a not-and operation, we call it a 
nand gate. 

Wire up the or gate again (Fig. 4.5) and 
feed its output to the not gate (Fig. 4.1). 
This makes up a not-or gate, or nor gate 
as it is known. Use it to find the nor 
truth table. You will need to devise a 
Verobloc layout for this. 


* EXPERIMENT 4.2 
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DOT OR NOTCH 
INDICATES PIN 1 



Fig. 4.9. Making a nand gate from four 
mosfets. 


INTEGRATED CIRCUITS 


Another way of making a nand gate is 
shown in Fig. 4.9. It is made from four 
mosfets. Two of these are n-channel 
mosfets, such as we described in Part 2. 
They are switched on when their gate 
electrodes are made high. The other two 
transistors are />-channel mosfets, which 
are switched off by a high input, but 
turned on by a low one. 

To give a low output at Z we need to 
turn both n-channel transistors on (connect¬ 
ing Z to the OV rail), and turn both p- 
channel transistors off (isolating Z from 
the +6V rail). In other words, inputs X 
and Y must both be high. With any other 
combination of inputs, Z is connected to the 
6V rail through one or both of the p- 
channel transistors: also, one of the n- 
channel transistors is off, disconnecting Z 
from the OV rail. In all these cases, output 
isO. 

Such a gate has a much faster and more 
reliable action than the simple gates used 
in the experiments. We could make such a 
gate by wiring up four mosfets on the 
breadboard, but there is no need to go to 
this trouble and expense, for the gates can 
be bought ready-made. 

When manufacturing mosfets it is easy 
to produce several on a single slice of 
silicon complete with the connections 
needed make up the logic gate. This is what 
is called an integrated circuit. 

In this example, we find four nand gates 
on a single chip, as shown in Fig. 4.10. 
Each gate has two input terminals and one 
output terminal. They share a common 
power supply. The package is described as 
a quad 2-input nand. 

When we are building logic circuits it is 
not necessary to know exactly how each 
gate is constructed. All we need to know is 
what it does. Consequently it is much 
simpler and a good deal more informative 
if we represent gates by special symbols, 
see Fig. 4.11. 



Fig. 4.10. Pinning details for the CMOS 
Quad-2-input NAND gate i.c., 4011. 

Viewed from above. 


Note that some kinds of gate may have 
more than two inputs; not gates always 
have one input and exclusive-or gates 
always have two. 

I EXPERIMENT 4.4 | 

| Logic with integrated circuits 

Fig. 4.12 shows how to test one of the 
gates of the 4011 i.c. The unused inputs of 


-{>- =£)~ 

NOT AND NAND 

3-INPUT 2-INPUT 

3 ) ~ 3 “ 


EXCLUSIVE OR 


Fig. 4.11. Symbols for logic gates. 

the other gates are connected to +6V; if 
this is not done the i.c. does not work 
properly. Run through the input combina¬ 
tions of Table 4.3 and check that the gate 
performs the nand function properly. The 
layout for this experiment is shown in Fig. 
4.13. 

Next wire both inputs of the gate to¬ 
gether (connect Y to J20 ). This makes the 
gate into a one-input gate. What logical 
operation does it perform now? (see p29). 

Wire up the circuits of Fig. 4.14a and b. 
The numbers indicate the pins to be used, 
the pins being numbered as in Fig. 4.10. 
Run through the usual four input com¬ 
binations for each circuit. What logical 
operations do these circuits perform? It 
appears that nand gates can be made to do 
many different jobs. 

Remove the +6V battery lead from the 
Verobloc, and replace the 4011 by the 4070 
i.c. and then re-connect the +6V supply 


— EXPERIMENT 4.4 
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«*-' EXPERIMENT 4.5 



■HMH 


lead. This i.c. has four exculsive-or gates. 
Each has two inputs, the pin connections 
are the same as those of the 4011, but the 
logic function is different. Find its truth 
table (see p29 for answer). 


COMPUTER LOGIC 

Logic gates are the basis of the action of 
many kinds of device, from the pocket 
calculator and electronic door-chime to the 
most elaborate of mainframe computers. 
Mathematics operates by logical rules so 
we use logic circuits for all kinds of cal¬ 
culations. There is more to say about this 
in Part 12 of the Series. 


EXPERIMENT 4.5 

A memory circuit 


Two nand gates can be cross-connected 
(Fig. 4.15) to form a bistable circuit. It gets 
its name because it has two stable states. 
We cannot connect l.e.d.s directly to the 
outputs of this circuit for they take so 
much current that the bistable does not 
operate. So we feed the outputs to two 
not gates and use these to drive the l.e.d.s, 
D1 and D2. The inputs are normally held 
high by the pull-up resistors R4 and R5. 
They can be made low by pressing SI or S2. 

The layout of the components on the 
Verobloc for this experiment is seen in 
Fig. 4.16. When the battery is first con¬ 
nected, one, but not both, of D1 and D2 will 
light. Find out which button you have to 
press to make the bistable change state. 
How do you make it change back again? If 
you press the same button again, what 
happens? Figs. 4.17 a, b and c explain this. 

If the buttons are pressed alternately the 
bistable repeatedly changes from one state 
to the other and back again. On a low input 
at X it flips from one state to the other, then 
on the next low input at Y it flops back 
again. This type of bistable is often called a 
flip-flop. 

The state it is in at any moment is 
determined solely by which input was the 
last one to be made low. It can “remember” 
what has happened to it in the past. The 
flip-flop is used in calculators and com¬ 
puters as a way of storing information—a 
unit of memory. 
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DOT OR NOTCH 
INDICATES PIN 1 END 



Fig. 4.17 (a) (b) and (c). Stages ol action when a bistable changes state. Check 
the logic using your NAND truth table. 


THE J-K FLIP-FLOP 

The 4027 i.c. gives you the convenience 
of two ready-made flips-flops without the 
need to assemble them from individual 
gates. Each has a clock input. The flip-flop 
changes state whenever the clock input 
changes from low to high. A change from 
high to low has no effect. See Fig. 4.18. 

There are two more inputs, called J and 
K. These control what happens when the 
clock input changes. If J and K are both 
low, nothing happens. If one of the J-K in¬ 
puts is high and the other is low. the Q out¬ 
put takes up the state of the J input and the 
Q output takes up the state of the K input. 


If both J and K are high, the outputs 
change state every time the clock input goes 
high. 

The Set and .Reset inputs are normally 
held low. IfSet is made high, the Q output 
goes high (Q goes low) immediately, with¬ 
out waiting for a change of clock input. 
Reset has the opposite effect. 


I EXPERIMENT 4.6 

| Using the J-K flip-flop | 

Fig. 4.19 shows two flip-flops with their 
J-K inputs high. They change state every 


Fig. 4.18. The pinning details for the 4027 
i.c. viewed from above. This is used in the 
next experiment. 


time their clock inputs go high. We can 
not simply use a push-button at the clock 
input. When you press a button, it does not 
make a good contact at first. Contact is 
made and broken a dozen or more times 
before final good contact is made. The flip- 
flop would respond as if its input had 
changed many times and its final state is 
unpredictable. Here we use our earlier 
flip-flop to provide a clean change-over 
from high to low or low to high. Wire up 
the components on the Verobloc according 
to Fig. 4.20. 

Press SI to give a high-to-low change at 
point X (does not affect the J-K flip-flop) or 
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EXPERIMENT 4.6 



press S2 to give a low-to-high change 
(changes the J-K flip-flop). Press SI and S2 
alternately until all l.e.d.s are out. Now we 
are ready to start. 

Press SI, making D3 light. The high-to- 
low change at X does not affect the J-K 
flip-flops. Press S2, making D3 go out. The 
low-to-high change at X makes FF1 (flip- 
flop number one) change state and D2 
lights. The Q output of FFI changes from 
high to low, so it has no effect on FF2 and 
D1 stays out. Now press SI again. D3 
lights, but there are no other changes, so 
both D2 and D3 are now lit. 

At the next press of S2, D3 goes out and 
so does D2, for there is a low-to-high 
change at X. As Q of FFI goes low, Q goes 
high; this triggers FF2 to change state. D1 
comes on for the first time. 

The changes so far can be set out in a 
table: 


Table 4.4. 


Step No. 

Press 

D3 D2 D1 

0 (start) 

_ 

0 0 0 


SI 

0 0 1 

2 

S2 

0 1 0 

3 

SI 

0 1 1 

4 

S2 

1 0 0 


0 = unlit; 1 = lit 



Fig. 4.20. The layout of Fig. 4.19 on the Verobloc. 


Carry on as above for four more steps, 
recording the results as above (answers 
p29). 

BINARY SCALE 

You may have noticed that if we write 
out the numbers in the diode columns of 
Table 4.4 (including your own results), we 
get the series 000, 001, 010, 011, 100, 101, 
110 and 111. These are the first eight 
numbers on the binary scale, being 
equivalent to counting from 0 to 7 in the 
decimal scale. On the eigth press the lamps 
all go out, returning the count to 0. 

This circuit demonstrates how flip-flops 
can be used to count. It counts the number 
of presses on the buttons. Similar circuits 
can be used to count electrical pulses from 
other sources. If the pulses are produced by 
cars going into a car-park, we can use such 
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a circuit to count the cars, and to trip a 
flip-flop to switch on a ‘Park Full’ sign 
when the maximum number is reached. 
Counting circuits are widely used in all 
kinds of situations and most of them are 
based on chains of flip-flops. 

Since there have been so many questions 
in the Experiments there is no Question 
Time this month. Next month we look at 
some other kinds of transistor and see 
what they can do. 


Answers to this month’s Experimental 
Exercises. 


EXPERIMENT 4.2 


Truth table for AND 



EXPERIMENT 4.4 


When the two inputs of a nand gate are 
wired together, it functions as a not gate 
(see 1st and 4th lines of your nand table). 

Fig. 4.14a. Inverting the output from a 
nand gives not-not-and, which gives 

AND. 

Fig. 4.14b. Inverting the inputs to a 
nand gives OR. 


Truth table for EXCLUSIVE-OR 


Inputs 

Output 

X Y 

z 

0 0 

0 

0 1 

1 

1 0 

1 

1 0 

0 


Z is high when one of X or Y (but not both) 
are high. 


EXPERIMENT 4.6 


The remaining stages are: 


Step No. 

Press 

D3 D2 D1 

5 

SI 

1 0 1 

6 

S2 

1 1 0 

7 

SI 

1 1 1 

8<=0) 

S2 

0 0 0 


ERRATA 

Further to the correction last month 
concerning Fig. i.3, on p660 lines 13 and 
21: change X to Y. 

In Question 1.10, "R1 - 150kO and R2 = 
1500” should read “R4 — 1500 and 
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By Dave Barrington 


Component Packs 

The recommendation of bargain packs 
of components is very subjective and really 
a case of ones own personal experience 
as to whether they are "value for money". 
Our own experience has been that cer¬ 
tainly for such items as resistors, capaci¬ 
tors, diodes and mixed semiconductors 
buying packs is cost saving and to be 
recommended. 

When you consider that resistors can 
cost from 1 to 3p each and that you can 
purchase packs of 100 to 600 resistors, of 
varied values, from the sum of 90p to under 
£6 this is quite a saving. On the other hand, 
the purchase of a mixed selection of 
"untested" semiconductors has been 
known to show a 30 per cent failure rate. 

Two kits worthy of closer investigation 
are the E12 series of resistor packs from 
Home Radio and Rapid Electronics. 

A feature of the Home Radio SP22 Re¬ 
sistor Pack is the method of packing the 
resistors in compartmented cardboard 
trays with their values indicated on label 
strips. This makes for easy selection. 

With 10 each of the popular values and 
5 each of the less popular, the pack con¬ 
tains approximately 400 resistors and 
costs £5 including VAT and postage. 

The Rapid kit contains 650 JW 5 per cent 
carbon film resistors banded together in 
groups of ten. The values range from 4-7 
ohms to 1 megohm. 

The cost of the Rapid Electronics kit is 
£4-80 plus VAT and 50p postage and 
packing. 


Pocket Music Tutor 

Of the thousands of electronic organs 
and pianos sold every year, it is claimed 
that three quarters are bought by people 
with no knowledge of music. However, 
they’ve all got something in common: they 
all want to get recognisable tunes out of 
their instruments as soon as possible. 

Budding organists and pianists strug¬ 
gling through the first stages of learning 
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to play will welcome the pocket electronic 
chord and scale tutor from Speedyplain. 

Called Prelude, it gives an instant visual 
guide to more than 600 chords as well as 
all major and minor scales. It's a hand¬ 
held device, similar to a pocket calculator, 
with keys for the mubical notes, chords 
and inversions, and a liquid crystal key¬ 
board display. 

The unit is designed to help tutored or 
self-taught students learn the basic “al¬ 
phabet” of music; to teach classically 
trained musicians modern harmony and to 
help string or wind players to convert to 
keyboards. 

Two professional organ teachers who 
helped in Prelude's design claim it is far 
easier and quicker to use than a printed 
tutor. Not only does it show notes making 
up the basic chord, but the user can add 
progressively more complex components, 
such as sixths, sevenths, ninths, minors 
and diminisheds. 

The Prelude tutor is available direct from 
Speedyplain Ltd., Dept EE, 120 Marsh 
Lane, Longton, Preston, PR4 5YL, and 
cost £19-95 including VAT (without 
batteries), plus 40 pence post and packing. 



The Prelude electronic chord and scale 
tutor from Speedyplain. 


Project Kits 

After a successful campaign in Europe, 
Velleman electronic kits are now available 
in this country through Velleman UK Ltd. 

Ranging in price from £4 to about £250, 
a fairly wide selection of kits are offered to 
satisfy the beginner and the advanced 
constructor. They range from a simple 
three-tone bell to a microprocessor con¬ 
trolled Eprom programmer. 

Each kit is given a “degree of difficulty” 
grading to help would-be constructors to 
select kits within their capability. All kits 
are built on printed circuit boards with 
component designations printed on the 
topside. 

Copies of a free illustrated catalogue 
containing details of the range of Velle¬ 
man electronic kits is obtainable from 
Velleman UK Ltd., Dept EE, P.O. Box 30, 
St Leonards on Sea, East Sussex, TN37 
7NL. A stamped addressed envelope 
would be appreciated. 


Catalogue 

The new Tandy 1981/2 catalogue is now 
available in all 300 Tandy stores through¬ 
out Britain. Issued free to all Tandy custo¬ 
mers, the 140 page catalogue contains 
over 2200 exclusive own brand products. 

The catalogue also includes a ten page 
section on all hardware, software, peri¬ 
pherals and for the TRS-80 microcom¬ 
puter, Models I, II and III, the TRS-80 
pockdt computer and the very latest 
Colour Computer. 


CONSTRUCTIONAL PROJECTS 

Automatic Garage Doors 

The 40kHz transducers used in the 
transmitter and receiver units for the Auto¬ 
matic Garage Door are fairly common items 
and now stocked by most component 
suppliers. These are usually sold in pairs 
and may be supplied with two-pin or 
phono plug connections. Either type may 
be used but the latter will require altering 
the wiring to the transducers. 

The motor used in the designers set-up 
was a Fracmo type, currently stocked by 
Service Trading Co, Dept EE, of 57 Bridg¬ 
man Road, Chiswick, London, W4 5BB, 
with an output shaft running at approxi¬ 
mately 56r.p.m. and a more than adequate 
torque of 50lbs/in. We understand that 
they have only a limited stock, but are 
able to supply a near equivalent type in 
their Parvalux range with 42 or 30 r.p.m. at 
50lbs/in. torque. 

The author informs us that a cheaper 
alternative would be two one-way motors 
fixed together in such a way as to enable 
reverse operation. 

Most of the hardware for the door gear 
should be available from local builders 
merchants or hardware stores. 


Mini Egg Timer 

Because of the close packing of com¬ 
ponents within the small case for the Mini 
Egg Timer, the audible warning device 
WD1 specified should be used. 

This is available from Ambit Interna¬ 
tional as stock number 43-27201. However, 
any low voltage (6V) solid state buzzer 
could be used here but would necessitate 
a larger case or be mounted on the exterior 
of the case. 


Model Train Chuffer 

The Model Train Chuffer uses a CMOS 
equivalent to the renowned 555 timer i.c. 
This is designated ICM7555 and appears 
to be available from most advertisers, at a 
price varying from 80p to just over £1. 


Siren Module 

Once again it may be wise to browse 
through the advertisements when looking 
for a particular component for the Siren 
Module. The transistor type TIP31A is 
listed from 40p to 52p each. 

Simple Stabilised P.S.U. 

No problems should be encountered 
when purchasing components for the 
Simple Stabilised P.S.U. The bolt together 
Universal Chassis appears to be only 
available from Home Radio. 


Electroplating 

Any readers who are contemplating 
building or attempting to undertake their 
own electroplating should pay heed to 
the warning contained in the Electroplating 
article. This applies particularly to the 
handling of chemicals. 
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T here is no doubt that a regulated 
■ and adjustable power supply unit 
is of immense utility to the construc¬ 
tor and experimenter of electronic 
projects. Some thought has been given 
to easing constructional work to make 
this project suitable for the beginner. 
Regulation is so good that if wished 
the cost can be reduced by omitting 
the meter—but more about this later. 
Output voltage is 1-2V to 20V at 
currents up to 1 ampere, adequate for 
very many purposes. 


CIRCUIT DESCRIPTION 

The mains transformer T1 has a 
20-0-20V 1A secondary, with full- 
wave rectification by silicon diodes 
D1 and D2. The peak voltage across 
the reservoir capacitor Cl is about 
28V, and this is the input to the 
LM317K regulator. 

The LM317K has internal stabilis¬ 
ing, feedback, regulating and current 
passing devices. The output voltage is 
a function of VR1 value between OV 
and adjust and is given by: 

Output voltage = 1-2 (1 + VR1/R1) 

The LM317K can handle T5 amps 
but T1 rating limits the p.s.u. output 
to 1 amp. C2 and C3 effectively sup¬ 
press transients, or instantaneous 
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NO METER 

Changes in input voltage to the 
LM317K, or to output load current 
(within the normal limits) results in 
no visible change to the reading 
shown by the panel meter MEl. It is 
of course useful to have this meter to 
show the voltage at all times. 

It can, however, be eliminated by 
fitting a pointer knob to VR1, with a 
scale glued to the panel behind this 
control. Connect a general purpose 
test meter set to its 0-20V or similar 
d c. range, to the p.s.u. output sockets. 
The scale for VR1 can then be cali¬ 
brated at 1-5, 2, 2-5, 3V and so on. 

Subsequently you simply set VR1 to 
the wanted voltage before connecting 
any item of equipment to be run from 
the unit. 


CASE 


Fig. 1. The complete circuit diagram of the Simple Stabilised P.S.U. 


mains voltage spikes which would 
otherwise reach the output. 

To use the unit, it is only necessary 
to switch on by SI, set VR1 so that 
the voltmeter MEl shows the wanted 
voltage, and plug in the apparatus to 
be operated, not forgetting to observe 
the correct polarity. 

If the p.s.u. output leads are 
shorted, the end of R1 normally at 
positive potential becomes negative, 
and thus also the adjust input of the 
i.c. This protects the circuit, though 
naturally one would not leave the 
p.s.u. output shorted in this way. 


The case is built up from Universal 
Chassis members and is based upon 
101X 101mm flanged members for 
back and front, with a 152 X 101mm 
flanged member for the bottom, see 
Fig. 2. The top/side section is made 
from a piece of thin sheet metal or 
perforated metal 152 X 304mm, bent 
into a 101X 101 X 152mm open box. 


BACK PANEL 

Prepare the back panel by drilling 
the four holes for mounting the 
LM317K. You must use a TO-3 power 
transistor type insulation set (mica 
washer and two plastic bushes). 

The mica can be used as a template 
to mark out the drilling positions for 
the required holes. Take care not to 
distort the back, and remove any 
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Interior view of the finished proto¬ 
type showing how the case is 
constructed from Universal Chassis 
parts. 



COMPONENTS 


Resistors 

R1 1800 iW carbon ±5% 
R2 8200 IW carbon ±5% 

Capacitors 

Cl 3300/*F 30V elect. 

C2 4-7/*F 30V elect. 

C3 47/*F 30V elect. 
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Semiconductors 

IC1 LM317K adjustable volt¬ 
age regulator i.c. 

D1, D2 1N4001 1A 50V silicon 
rectifier (2 off) 

Miscellaneous 

VR1 2-5kO carbon or wire- 

wound linear potentio¬ 
meter 

SI s.p. on/off toggle mains 

ME1 20V or 25V d.c. panel 

meter 

SKI, SK2 4mm insulated sockets 
(1 red, 1 black) 

T1 mains primary/ 

20-0-20V 1 A secondary 
Standard tagstrip, 13-way and 
3-way; Universal Chassis mem¬ 
bers: 101 x 101mm flanged 
members (2 off), 152 x 101mm 
flanged member; sheet alumi¬ 
nium or perforated metal size 
• 152 x 304mm (case lid); insulation 
set (mica washer and 2 insulating 
bushes) for IC1; rubber grommet 
for mains cable; suitable length 
of 3-core mains cable; rubber feet 
(4 off); fixing hardware for 
transformer, I Cl, case and tag- 
strips; 1A insulated connecting 


Fig. 2. Recommended layout of the components on the Universal Chassis 
members with full interwiring details. Also shown top right are the mounting 
details for IC1 and its insulation set. 
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burrs from around the holes. Fit 
the mica washer between i.c. and 
back, with the insulated bushes in the 
holes in the latter, and fit a solder 
tag for the output connection. One of 
the thermal greases can be smeared 
on the meeting surfaces before fitting 
the i.c. to ensure good thermal con¬ 
tact. Check that case and pins are all 
isolated from the metal back panel. 

FRONT PANEL 

Drill fixing holes for SI, VR1, and 
the two output sockets, as shown. An 



Shows the back panel with the i.c. 
mounted and ventilation holes. 


opening for the meter can be made 
with an adjustable tank cutter, or 
with one of the screw-up type 
punches, or by drilling a ring of small 
holes closely together, so that a piece 
can be removed and the hole com¬ 
pleted with half-round file. 


VENTILATION 

Several 9mm or similar holes should 
be punched or drilled in the bottom 
panel (which is raised by the feet) 
and also low down and high up on 
the back panel. If the cover is sheet 
metal, a row of holes can also be 
punched in each side of this. 


BOTTOM PANEL 

Drill fixing holes for the trans¬ 
former and long tag strip. When 
front, back and bottom are assembled, 
secure four rubber feet with bolts and 
nuts, using the holes already present. 


WIRING 

With all parts fitted as in Fig. 2, 
wiring should now be carried out as 
shown. In the prototype blue was used 
for i.c. input, green for adjust, and 


red for output and positive, for ease 
of identification. 

Note how Live, Neutral and Earth 
of the mains cord are anchored. Fit a 
3-pin mains plug correctly, with 2A 
or 3A fuse. Those points marked mc 
are firmly bolted to the metal chassis 
or box. 


TESTING 

You should measure nearly 29V 
across Cl, but this will fall as current 
is drawn, though this does not in¬ 
fluence the output voltage. 

It is essential D1 and D2, and elec¬ 
trolytic capacitors, are wired with 
correct polarity. Check these before 
switching on. 

Output should be absolutely stable, 
free of hum, and remain unchanged 
despite any changes in current drawn 
with in the p.s.u. rating. 

Check the short-circuit protection 
network by placing a heavy gauge 
wire link across the output sockets 
for a short time. ME1 reading should 
drop to OV, but return to previous 
level when link is removed. 

Finally fix the cover in place with 
self-tapping screws which run into the 
flanges of back, bottom and front 
panels. it 



I am greatly cheered by the large number 
of youngsters who take up electronics as 
a hobby, and undoubtedly many will want 
to adopt it as a career. Although these are 
hard pressed times, I think they have made 
a good choice, because there are openings 
at all levels with the really brilliant ones 
finishing up as designers. 

At a slightly less elevated echelon, 
there are vacancies for electronic engin¬ 
eers on board ships. On a modern tanker 
or container vessel, the electronic engin¬ 
eering officer is almost as important as the 
captain. 

In the next five years every garage worth 
its name will need an electronics expert. 
Those of you who saw "Tomorrow's 
World" recently probably were intrigued 
by the new cars coming on the market 
shortly, where the computer works out the 
exact speed at which the gear should be 
changed, and then proceedstodoit. Need¬ 
less to say I know instinctively what would 
happen if I owned one. Going downhill it 


would decide to change into bottom and 
the engine would race away sounding like 
an angry hornet, and going uphill it would 
change into top and promptly stall. 

Mind you it is hard to think of anything 
today trom washing machines to cookers 
that doesn’t rely heavily on electronics, so 
in the service industries there must always 
be a demand for recruits, even though the 
time may come when they invent machines 
that service themselves. I don't object to 
any of this, provided that complication is 
not introduced without noticeable advan¬ 
tage. 


Safety in Simplicity 

James Watt had the problem of conver¬ 
ting'a reciprocating motion into a rotary 
one and he solved it very neatly by invent- 
the crank. One of his workmen pinched the 
idea and patented it, preventing Watt from 
using it. Watt then invented a dozen 
different ways of obtaining the same 


result, but none so simple or effective as 
his original. The simplerathing isthe less 
likelihood of failure. As the late E. F. Schu¬ 
macher said, "Any third rate engineer can 
make a complicated apparatus more com¬ 
plicated but it takes a touch ot genius to 
find one’s way back to basic principles. 
The more complex a thing is, the more it 
tends to break down and you can't repair 
it yourself.” 

If you take a simple thing like a spade, 
it can’t go wrong I Make it mechanical and 
up go the chances of failure. Put an engine 
on it, the failure rate increases, and finally 
put an electrCnic control on it and it’s a 
wonder if it ever works at all I And yet 
having said all that, take a piece of appara¬ 
tus as complicated as a colour television 
set and they work for years without any 
trouble. Come to think, the handle of my 
spade broke in half this morning! 

I suppose one day a mains plug and 
socket that is standard all over the world 
will be in general use and what a boon that 
will be to travellers. I expect many of you 
use electric razors and if you go abroad 
you are confronted with continental 
sockets which will only accept a contin¬ 
ental plug. It is no good switching to a 
safety razor temporarily, because the 
electric shaver’s beard is too soft. 

I get round this problem by taking my 
clockwork razor with me when travelling. 
(Looks of incredulity on the faces of my 
readers!) No really, the one used by the 
man in the moon. (Ahl now we know old 
Young is pulling our leg!) Let me explain, 
this type of razor was used by the astro¬ 
nauts to conserve their batteiy supply. It 
has a small rotary head ratherlikea Philips, 
and with three complete winds I can get 
a perfect shave. 
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By BARRY FOX 


Break Up 

It has been fascinating to watch the 
British Post Office react over the last year 
or so to the reality of commercial com¬ 
petition. The PO's original attitude clearly 
reflected its position of total security, with 
a monopoly on everything connected with 
and to the British telephone system. 
Arrogant would not be too strong a word 
to use. 

Now, progressive break up of the PO’s 
power and demonopolisation by the 
Telecommunications Bill has brought a 
corresponding change of face by the Post 
Office. There's even been a change of 
name, to British Telecom. 


Time Delay 

British subscribers don't need remind¬ 
ing how bad it used to be just a couple of 
years ago. Long delays in installing new 
lines, a pathetically small choice of ancient 
technology dial phones and the compul¬ 
sion to rent everything at high prices from 
either the Post Office or Post Office- 
approved suppliers. The Area offices, 
responsible for "selling" extra telephones 
knew little or nothing about what was 
available, and appeared to care even less. 

Long distance phone calls were all too 
often hampered by the dreaded "all lines 
are engaged, please try later" and anyone 
trying to route a Trans-Atlantic call 
through a British operator had to wait 
an inordinate length of time. Worse still 
you had to join the same long queue for 
an operator even if you only wanted 
foreign directory help. And long distance 
multi-digit calls that failed had to be 
laboriously re-dialled because the Post 
Office didn't offer push button 'phones 
with the last number recall facility, where¬ 
by an entire string of digits can be re¬ 
called by the push of a single button. 


Liberation 

But meanwhile, in America, libralisation 
of the similar monopoly held by the Bell 
Telephone Company filled the shops with 
exciting telephone equipment. Push but¬ 
ton phones, answering machines, re¬ 
corders; all could be bought outright for 
private installation. 


Inevitably some of this equipment 
started to reach Britain, either as private 
imports in the suitcases of those who had 
taken their holidays abroad, or as bulk 
imports from Far Eastern manufacturers. 
Magazines and newspapers started to 
publish articles about what British sub¬ 
scribers were missing. 


Dissatisfaction 

Dissatisfaction grew and the Post 
Office added fuel to the fire by condemn¬ 
ing foreign equipment out of hand and 
threatening to diconnect the phone lines 
of any British subscriber who dared to 
install it. Some of this criticism was in fact 
wholly justified. 

Equipment designed for foreign use is 
often unsuitable for Britain. The US tele¬ 
phone network is for instance "gainy". 
Most lines are amplified whereas in the 
UK lines are often passive because we 
have a tradition of using low-loss copper. 


Phone-In 

At the end of June the London radio 
station, LBC, held an hour-long Phone-In 
on “What kind of telephone service does 
the public want”. 

Calls poured in from listeners who 
wanted to know what kind of special 
phones and services are available, and what 
we are likely to see in the future. There was 
a clear groundswell of resentment and 
confusion over what British Telecom does 
and does not have to offer a subscriber. 
(Incidentally it’s clear that everyone still 
calls The Post Office “the Post Office”; the 
title British Telecom certainly hasn’t 
yet stuck). 

I was in the studio and did my best to 
answer the questions that came through 
from listeners. Why, you may well ask, 
should a journalist be speaking on behalf 
of the Post Office The answer is quite 
simply that although the Post Office were 
asked, literally days in advance, to send 


So a telephone that produces acceptable 
levels of sound in the US may well be 
unusable in some parts of Britain. Also 
the ringer circuits of foreign phones may 
not match the Biitish network. You can 
install an imported telephone and then 
find that some incoming calls don't ring 
your bell. 

In Britain, where two extension phones 
are connected to the same line, the sound 
and ringer circuits are cpnnected in a hybrid, 
series/parallel circuit. This ensures a 
standard impedance across the line and 
prevents the bell of one phone from jang¬ 
ling while calls are made on the other. 
Many foreign phones don't offer the 
option of series/parallel connection. 


Guidance Needed 

Most important of all, anyone buying an 
unauthorised telephone, and trying to 
install it themselves, can't seek guidance 
and help from the Post Office engineers 
to get it right. This has dangerous im¬ 
plications. Any amateur trying to install 
a mains-powered gadget, for instance a 
memory telephone or automatic answering 
machine, could end up putting mains 
voltage on the phone lines if they get the 
connections wrong or have bought a 
cheap unit without adequate isolation. 

The idea of an anmesty, whereby 
owners of unauthorised 'phones could 
pay the Post Office to help then get it 
properly installed, was poo-pood. But the 
Post Office has already encountered a 
case where someone bought a mains- 
powered cordless telephone, which uses 
the mains wiring as aerial, and connected 
it up incorrectly so that mains power 
burned out his entire home 'phone 
system. 

Incidentally, (and it's atopic we'll return 
to in future months), do bear in mind that 
liberalisation of the phone system will not 
affect the question of cordless phones. 
They use a radio link between a base 
station and hand set and they will remain 
illegal because they contravene the 
Wireless Telegraphy Act. Anyone caught 
using one is liable for heavy fines and/or 
imprisonment. 


someone along to the studio they thought 
it wasn’t necessary. 

This decision was doubtless not un¬ 
connected with the fact that the LBC 
programme went out late on a Saturday 
night, rather than during weekday working 
hours. If British Telecom, nee The Post 
Office, can’t muster a spokesman for an 
hour long live radio phone-in programme 
on a Saturday night in London, then what 
price Sir George Jefferson’s brave promise 
that “We must be market responsive when 
we are competing with others”. 

The sad irony is that several Post Office 
engineers, and ex-Post Office engineers, 
had sufficient loyalty to their employer to 
phone in and try and defend the Post 
Office against callers’ attacks. But there 
were no calls from Post Office manage¬ 
ment. They should be thoroughly ashamed 
of themselves. Do you suppose they are? 
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Electronic Design Award 



► 



DESIGN A PIECE OF ELECTRONIC EQUIPMENT 
HAVING A DIRECT PRACTICAL APPLICATION 
IN A SCHOOLS SCIENCE LABORATORY 

This competition is open to any United Kingdom Secondary 
School, State or Independent. Pupils of either sex in the 
age group 11-18 are eligible to participate in a team repre¬ 
senting their school. 

The competition will be conducted in two stages. 

STAGE 1 

Submission of Papers describing the proposed project with 
full circuit details. 

Papers will be judged for novelty, ingenuity and viability. 
Particular attention will be given to originality and good 
circuit design technique. 

Schools whose designs are adjudged to be the most pro¬ 
mising will be asked to produce a working model of their 
designs. 

STAGE 2 

Models will be examined and prize winners selected on the 
basis of mechanical design, neatness of wiring and general 
assembly, plus operational performance. 

All models will be exhibited at Mullard House, London, where 
the official presentation of prizes will be made. 


FIRST PRIZE £150 
SECOND PRIZE £100 
THIRD PRIZE £50 
NINE RUNNERS UP 


I plus a selection of 
components valued at £100 

a selection of components 
valued at £50 


Science teachers of Secondary Schools are invited to apply 
for a Registration Form which contains full details of this 
competition. 

Write to: Schools Competition 
Room 2130 
Kings Reach Tower 
Stamford Street 
London 
SE1 9LS 

Secondary School Pupils—make sure your school accepts 
this challenge and enters this inaugural contest. So bring 
this announcement to the attention of your science teacher 
or the head of your school. 

Closing date for Registration: December311981 

Closing date for submission of Papers: February 16 1982 


i^k SCHOOLS ELECTRONIC DESIGN AWARD COMPETITION (SEDAC) //g& 
^ SPONSORED BY MULLARD LTD AND EVERYDAY ELECTRONICS 'IjP 
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INTRODUCTION TO 



NOT I BYJ.CMWTHER 


LOGIC MODULES (continued) 

Example 

To derive the Boolean expression and switching circuit for 
the module shown in Fig. 9.1. 



Fig. 9.1. Logic module to be translated to a switch arrange¬ 
ment. 


The output from the nand gate is of the form AB, and this 
is fed to the input of an and gate, with C to the other input. As 
the output of an and gate is the p roduct of the inputs: 

ABC = S 

In order to convert this equation into one representing 
switching arrangements, we must apply Demorgan’s Theorem, 
and get the “bars” over a single letter to represent normally 
closed switches. 

ABC = Of + B)C -- S 

The equation (A +B)C = S, represents the switch arrange¬ 
ment in Fig. 9.2. 

Truth Table 

The truth table for the module in Fig. 9.1 is shown below: 


Input 

to 

Input 

to 

Output 

element 1 

element 2 


A 

B 

C 

AB 

ABC = S 

0 

0 

0 


0 

0 

0 

1 


1 

0 

1 

0 


0 

0 

1 

1 

0 

1 

0 


1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 



Fig. 9.2. Switch version of the module in Fig. 9.1. 

FINDING GATES FROM EQUATIONS AND 
SWITCH ARRANGEMENTS 

Example 

Design a Logic Module to represent the switch arrangement 
in Fig. 9.3. 



Fig. 9.3. Switch arrangement to be converted to a logic gate 
module. 


Equation 

A ( B+C)=S 

Since this equation is A, times (B+C), and the output from 
an and gate is the product of the two inputs, the last gate must 
be an and gate fed with A and (B+C), as shown in Fig. 9.4. 

To get (B+C), we must have an or gate fed with B, and C, so 
the final module is as seen in Fig. 9.5. 


INPUTS 

INPUTS 

A(B+C)=S 


Fig. 9.4. First stage of con¬ 
version for Fig. 9.3. 

Fig. 9.5. Logic module for 
Fig. 9.3. 
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Example 

Design a Logic Module to represent the switch arrangement 
in Fig. 9.6. 



Fig. 9.6. Switch arrangement to be translated to a logic gate 
module. 

Equation 

A (B+C)=S 

Apply Demorgan’s Theorem to convert the above equation 
into an expression representing gates, that is, join the “bars” to 
form a complete “bar” as show n: 

A (. B+C )=A {BC)=A+BC=S 

A+BC is the equation for a nor gate fed with A, and BC, as 
shown in Fig. 9.7. 

To obtain BC, we require an and gate fed with B, and C, so 
the final module would be as seen in Fig. 9.8. 


INPUTS 

INPUTS 

:n>— 


Fig. 9.7. First stage of trans¬ 
lation for Fig. 9.6. 

Fig. 9.8. Logic module for 
Fig. 9.6. 


BOOLEAN IDENTITIES 

In algebra and trignometry, identities are used to simplify 
equations. 

For example, in trignometry sin 2 0 4- cos 2 0 = 1 

The same applies to Boolean Algebra where identities are 
used to simplify equations to see if it is possible to reduce the 
number of switches required. 


Boolean Identities 

(1) AA —A also AA=A 

( 2 ) AA=0 

(3) A\=A also Al=A. 

(4) A0=0 also T0=0 _ 

(5) A+A =A also A+A=A 

(6) .4+1=1 also ,4+1=1 

(7) A+O^A also A+0=A 

(8) A+A=l 

(9) A+AB=A+B 

A+AB=A+B 
A+AB- A B_ 

A+AB=A+B 



Fig. 9.9. Switching arrangement to be investigated by Boolean 
rules and identities. 


example 

AEC+ABC+ABC=S 

This equation represents the circuit in Fig. 9.9, containing 
nine switch contacts. 

Use the Boolean Rules and Identities, to simplify this equa¬ 
tion and reduce the number of switches. 

First of all, simplify the equation. 

C is common to all terms, and can be put outside the bracket 
(see_Rule_3 in Part 5): 

C(AB+AB+AB)=S 

A is common to the first two terms in the bracket, and can be 
brought outside using the same rule: 

C[A(B+B)+AB)=S 
But <B+B)=l (Identity 8) 

.-. C(A1+AB)=S 
But A\=A (Identity 3) 

.-. C(A+A_B)=S 

But (A+AB)=A+B (Identity 9) 

.-. C(A+B)=S 

This last equation represents the switch circuit in Fig. 9.10. 

It can be seen that the original circuit has been reduced from 
nine to three switch contacts to give the same result. 



TO BE CONTINUED 
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Everyday News 



AN EXCITING ERA 

A nation-wide campaign has been launched to make everyone aware of the 
information revolution and 1982 has been designated “Information Technology 
Year” by the Government. 

A full programme has been planned for 1982 to help improve understanding 
amongst the general public, as well as in business and public administration. 
Leading figures from the fields of health, education, the arts, leisure, industry 
and commerce, the media, finance, Government and the Information Technology 
industry itself, are promoting IT in their own particular sphere. 

Speaking at the launch of IT 82, Kenneth Baker MP Minister for Information 
Technology said “we are entering an exciting era, ide are seeing the home 
of the future, the office of the future and the factory of the future emerge 
from the realms of science fiction and become reality. This is happening 
through the application of microelectronics to control of machines, to com¬ 
puting, to communications and to entertainment.” 


University Chips 

University research depart¬ 
ments throughout the UK 
are now able to design their 
own silicon microcircuits 
using the Raoal silicon gate 
CMOS uncommitted logic 
array (ULA) system. 

The scheme, under the 
auspices of the Science and 
Engineering Research 
Council (SERC), is being 
coordinated by the Depart¬ 
ment of Electrical Engineer¬ 
ing at Edinburgh University 
which has a £1 million silicon 
fabrication facility. 


Contracts worth more than 
£700,000 have been placed 
with Sony Broadcast for 
Electronic News Gathering 
(ENG) equipment to be used 
in both East and West Ger- 


Distance Links 


Despite world recession 
international telecommunica¬ 
tion links are scheduled for 
major expansion. In ocean 
cables a new 8,000 mile route 
will link Australia, New 
Zealand, Fiji, Hawaii and 

Called ANZCAN, it comes 
into service in 1984, will 
carry twenty times the 
traffic of the existing 
COMPAC system and will 
cost £200 million. 

As well as a new Europe- 
America cable planned for 
service in 1983 an additional 
link is now planned for 1988. 
The latter is expected to be 
engineered with optical 
fibres. 


Aids for Disabled 

Among the special equip¬ 
ment for the disabled demon¬ 
strated recently by British 
Telecom were a talking 
switchboard for blind tele¬ 
phone operators, and com¬ 
munications terminals for 
deaf people with moving 
strip visual display. 


One of Britain’s leading 
exhibitions organisers in the 
computer field, IPC Exhibi¬ 
tions, is to run a show cover¬ 
ing the field of personal 
computers, home computing, 
small business systems and 
associated software. 

The “Computer Fair,” as 
the show will be named, will 
be held at Earls Court from 
April 23 to April 25, 1982. 


Also demonstrated was a 
Prestel model for the blind 
or deaf, the former using a 
braille character generator 
in place of the TV screen, 
the latter using the moving 
strip visual display terminal 
and keyboard as used for 
deaf conversations. 


Flessey Avionics and Com¬ 
munications have announced 
a £750,000 improvement pro¬ 
gramme for the restructur¬ 
ing of manufacturing facili¬ 
ties at their Vicarage Lane, 
Ilford, site. 

This new and sophisticated 
area will be used to manu¬ 
facture part of the Ptarmi¬ 
gan battlefield trunk com¬ 
munications system for the 
British Army. 



BBC DESIGN SATELLITE TERMINAL 

The BBC demonstrated its new mobile satellite 
link terminal to BBC Management and Senior En¬ 
gineers at a recent Conference at the Institute of 
Electrical Engineers in London. The mobile setellite 
link terminal commissioned for Television Outside 
Broadcasts has just been completed by the BBC 
Engineering Research Department, and is under¬ 
going pre-operational trials. 

The first field trials included a “Morning Service” 
programme on BRC1, a contribution to the South 
West “Opt-Out” in the “Nationwide” programme 
and an edition of “Multicoloured Swap Shop”. All 
these programmes originated in Guernsey in the 
Channel Islands and used the new satellite link. 

Under normal conditions it is intended that the 
satellite link will be used over difficult transmission 
paths and not where conventional radio link circuits 
can be used. 

The transmitter is very flexible and may operate 
on any of the available channels through the 
Orbital Test Satellite (OTS) or future European 
Communications Satellites. 
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from the World of Electronics 


Incredible as it sounds, French scientists have de¬ 
veloped an ordinary standard sized credit card which 
houses a microprocessor and memory. 

The user can use it in place of a cheque book, cash 
credit being inserted at the bank and purchases at 
shops deducted by placing the card in a counter-top 
terminal at which the user can also see how much cash 
balance remains. 


Enhanced Teletext 


In a programme of work 
supported by the UK Depart¬ 
ment of Industry, BBC Re¬ 
search Department has pro- 
auced equipment to be used 
to study enhancement to the 
British teletext system. 


One of the early uses of 
this equipment has been to 
produce a teletext decoder 
capable of displaying the 
normal pages as broadcast 
now, but with a much better 
quality of character genera¬ 
tion than is found in the first 
generation mass-produced 
teletext decoder designs. 


Fly-by-TV 


The mass of instruments in airliner cockpits could 
soon largely be replaced by colour TV screens. 

The idea is to call up on the screen only the data 
required for any particular phase of flight in respect 
of management and safety. A prototype system is now 
flying in a Royal Aircraft Establishment One-eleven 
aircraft 

Demonstration flights have been made in Europe 
and the United States in the expectation that such 
systems will be used in the next generation of airliners 
still at the drawing-board stage of design. 



WORLD VIEW 

A world-wide viewdata ser¬ 
vice is rapidly becoming a 
reality following a series of 
recent agreements an¬ 
nounced by European and 
other countries to take the 
initial steps towards the 
interconnection of their 
national viewdata systems in 
1982/83. 

Following its success in 
West Germany, the gateway 
facility (which allows view¬ 
data customers to get easy 
access to a wide range of 
existing, non-viewdata com¬ 
puters) is to be implemented 
in the Netherlands and Italy, 
as well as the UK. 

In addition to allowing 
the connection of non-view¬ 
data computer systems, gate¬ 
way will result in the inter¬ 
connection of national view¬ 
data systems. This means, 
for example, that a Prestel 
user in the UK will be able 
to access the Bildschirmtext 
service in Germany and vice 


The Department of Trans¬ 
port is taking no chances in 
the event of a decline in 
petrol supply. It has com¬ 
missioned the consultancy 
firm EASAMS to study all 
the requirements of a nation¬ 
wide network of battery re¬ 
charging points for electric 
vehicles. These could be at 
conventional garages, in 
parking lots or on the kerb 


Custom Metalworking 

The Card Frames Division 
of Vero Electronics has 
issued a new colour brochure 
detailing the comprehensive 
custom metalworking service 
offered by the company. 

Using the latest machinery, 
the Card Frame Division is 
able to undertake DNC 
punching, forming, guillotin¬ 
ing, engraving, component 
printing, anodising, painting 
and assembly work. 
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The Scottish Development 
Agency is to seek planning 
permission to set up a 
Science Park in Glasgow. 


Hazard-proof Radar 

The remarkable ability of 
lifeboats to capsize in moun¬ 
tainous seas and survive still 
has the handicap that the 
radar goes out of action 
after the rotating scanner 
has been immersed in sea 

The problem has now been 
overcome with the develop¬ 
ment of a completely water¬ 
proof radar by RaCal-Decca 
in consultation with the 
Royal National Lifeboat In¬ 
stitution. 

All radars in RNLI life¬ 
boats are now being modified 
to waterproof standard, in¬ 
cluding those with open 
cockpits or wheelhouses. 


In Agreement 

The Scottish Development 
Agency have just revealed 
details of the financial assist¬ 
ance it has given to Inmap, 
the joint venture by Edin¬ 
burgh and Herriot Watt 
Universities to promote the 
industrial application of 
microelectronics. 

The Agency has reached 
an agreement with Inmap 
under which it will provide 
up to £380,000 over the next 
three years to encourage the 
introduction of microelec¬ 
tronics technology into small 
and medium-scale companies. 


One of Scotland’s best- 
known industrialists, Peter 
Carmichael, CBE, Joint Man¬ 
aging Director of Hewlett- 
Packard, has been appointed 
Director, Small Business and 
Electronics, of the Scottish 
Development Agency. 


—ANALYSIS - 

THE ELECTRONIC CHURCH 

On first thought, religious institutions founded on ancient 
tradition would seem to have little need or use for electronics. 
Yet, if we accept that a principal activity of all religions is to 
propagate the Word it is clearly their duty that it should 
reach all peoples. 

Facing such logic the normally ultra-conservative Roman 
Catholic Church was first in the field with high-powered 
world-wide broadcasts from Vatican Radio. The example was 
quickly followed by other denominations and sects and 
today there are scores of radio and TV stations round the 
world devoted entirely to religious worship and instruction 
and many organisations generating multi-lingual religious 
programmes. 

At local level most religious buildings have electronic 
sound reinforcement and ancient cathedrals have inductive- 
loop-audio guided tours for pilgrims and tourists. The 
traditional harmonium in the chapel has long since been 
ousted by the electronic organ. 

Loudspeakers in the belfry, tape-activated, are less 
expensive than bells and bell-ringers and, in Islam, the 
muezzin calling the faithful to prayer from the minaret is 
likewise tape-recorded. Along the Via Dolorosa in Jerusalem 
no self-repecting monk guiding pilgrims is now properly 
equipped without his shoulder-slung portable public address 

The Mormon Church, whose faith embraces retroactive 
baptism, operates one of the largest computer systems in 
the world. Its giant data bank, protected from all hazards 
including nuclear war, records all traceable ancestors of 
today's three million living Mormons. 

But while electronics is a powerful tool in prompting and 
aiding religious practices and, on a wider front, has enabled 
us to explore in detail physical quantities and qualities from 
the smallest atom to the immensities of outer space, no 
electronic instrumentation, however sensitive, has yet been 
able to measure or explain any spiritual, psychic or other 
paranormal phenomena. They remain eternal mysteries and 
perhaps better so. 

Brian G. Peck. 






















O ne of man’s greatest 
achievements in the last 
decade has been the sending 
of highly instrumented elec¬ 
tronic robots to explore the 
more distant parts of the 
solar system. These space¬ 
craft not only transmit 
signals back to earth from 
which high resolution photo¬ 
graphs can be re-constituted, 
but also send us a great deal 
of other data which will 
keep scientists busy for years 
to come. 

Sometime ago the Pioneer 
spacecraft sent us useful 
images of the enormous 
planet Jupiter and one of 
these craft returned images 
of Saturn, but these images 
were much inferior to those 
returned by the later Voy¬ 
ager craft. These craft were 
launched in August and 
September 1977. Voyager 1 
reached Jupiter on March 
5, 1979, Saturn on November 
12, 1980 and is continuing to 
return highly valuable data 
as it moves out of the solar 
system without making any 
further planetary encounters. 

The Voyager 2 spacecraft 
passed by Jupiter during 
July 1979 and reached the 
region of Saturn in late 
August/early September 
1981. It is this Voyager 2 en¬ 
counter with Saturn which is 
the subject of this article, 
but it is interesting to note 
that the huge gravitational 
field of Saturn has been 
used to sling the spacecraft 
on towards an encounter 
with Uranus in January 1986 
and hopefully with Neptune 
in August 1989. 

Rings of Saturn 

Saturn is one of the most 
beautiful objects in the 
heavens which can be seen 
by a telescope, but earth- 
based telescopes can capture 
only a little of the wealth 
of detail revealed by the 
Voyager spacecraft’s imaging 
systems. Voyager 2 came 
closer to Saturn than 
Votjager 1 and carried better 
Vidicon camera tubes, so it 
provided rather better im¬ 
ages. 

Two rings are easily ob¬ 
served from the earth around 
Saturn separated by the 
well-known Cassini Division. 
Voyager 1 showed that there 
are hundreds of rings around 
the planet, whilst Voyager 2 
(with its electronic memories 
specially programmed using 
the results of the Voyager 1 
encounter) has shown that 
the number rings amounts 
to thousands or perhaps 
tens of thousands. Even the 
divisions between the rings 
themselves contain fairly 
faint rings, yet the thickness 
of the ring system is only 
about 2km! 



It is believed that the rings 
consist essentially of small 
lumps of ice and rock in¬ 
dividually orbiting the planet 
like tiny moons. The ring 
systems casts clear shadows 
on the surface of the planet 
itself. 

Markings radiating out¬ 
wards rather like the spokes 
of a wheel were detected in 
the B-ring by Voyager 1. One 
theory proposed that the 
spokes consist of dust par¬ 
ticles levitated by the elec¬ 
tric fields of the planet, but 
careful experiments with 
Voyager 2 did not find 
evidence to support this. 

Further work with Voyager 
2 examined the light of a 
star which had to pass 
through the rings before 
reaching the spacecraft. As 
Voyager 2 passed behind the 
rings, the effect of the rings 
on its radio transmissions 
enabled some estimate to be 
made of the size of the par¬ 
ticles of the rings. 

Lightning discharges in 

the vicinity_of the planet 

which appeared to come 
from within the B-ring were 
detected. Measurements in¬ 
dicated that these lightning 
flashes were thousands of 
times more powerful than 
the lightning we experience 
on earth. 


Scientists are very puzzled 
as to how the rings maintain 
their mechanical stability. It 
may be that moons of the 
planet help to keep the sys¬ 
tem stable, but there is still 
much to be discovered even 
though the spacecraft have 
sent us far more information 
than we had previously ac¬ 
cumulated through centuries 
of viewing the planet. 

Sphere of Gas 

Saturn itself is believed to 
be mainly a huge sphere of 
gas kept together by gravi¬ 
tational attraction. Its mark¬ 
ings are similar but less 
prominent than those on 
Jupiter. Very high wind 
speeds of more than 1,000 
miles per hour have been 
found above Saturn. 

Saturn consists mainly of 
hydrogen and helium gases 
and has a very low density. 
The temperature of its clouds 
is of the order of — 190°C 
and it is not known whether 
there is any surface to the 
planet, as no light can pene¬ 
trate the thick clouds. 

Moons of Saturn 

Apart from Saturn itself 
and its ring system, one of 
the main objectives of the 
Saturn encounters was an 


Our heading photo shows an image of Saturn and its rings returned by 
Voyager 2 from a distance of 13.9 million km from the planet. Note the 
shadow of the rings on Saturn and the banding marks on the surface. 


investigation of the numer¬ 
ous moons which circle the 

Titan 

Titan is not only the 
largest, but also the most 
interesting of these moons 
and was viewed by Voyager 
1 ; unfortunately nothing 
could be seen through the 
dense cloud cover of the 
surface of the satellite. 

Voyager 1 passed a hun¬ 
dred times closer to Titan 
them Voyager 2, since the 
trajectory of the latter was 
programmed to enable it to 
travel on to Uranus and 
Neptune and this would not 
have been possible if it had 
passed close to Titan. Indeed, 
Titan is of such importance 
that had Voyager 1 failed to 
return data on this moon. 
Voyager 2 would have been 
sent to encounter it and the 
future Uranus and Neptune 
encounters would have been 
lost. 

Nevertheless, Voyager 2 
returned valuable data on 
Titan and showed that some 
considerable changes had 
occurred since the first en¬ 
counter. In particular, an in¬ 
strument on board Voyager 2 
looked at the polarised light 
scattered by particles in the 
atmosphere of Titan; this 
could not be done by 
Voyager 1, since its instru¬ 
ments had failed. 

Titan is of particular in¬ 
terest, since it has a dense 
atmosphere (82 per cent 
nitrogen, 6 per cent methane 
and other gases) and mole¬ 
cules detected in this atmos¬ 
phere are those which could 
give rise to life. 

Other Moons 

Apart from Titan, Voyager 
2 came closer to the moons 
Enceladus, Tethys, Hyperion, 
Iapetus and Phoebe than the 
first mission. Enceladus has 
a surface which shows a 
great deal of past geological 
activity. Part of its surface 
is heavily cratered by bom¬ 
bardments a very long time 
ago, but other parts are re¬ 
latively smooth, indicating 
that material has been 
ejected (possibly by volcanic 
activity) and has settled 
onto the original cratered 
surface. Strangely enough 
any volcanoes would be 
water volcanoes, since En¬ 
celadus is mainly ice! 

The moon Tethys has a 
chasm groove several kilo¬ 
meters deep around nearly 
three-quarters of its circum¬ 
ference; it is 100km wide 
and some 2,000km in length. 
Voyager 2 also found a 
crater 400km in diameter 
with a central peak and 
some concentric rings. The 
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surface of this moon is 
heavily cratered. 

Hyperion is a strange 
moon, a disk-shaped elonga¬ 
ted object of dimensions 
about 400 X 250 X 200km, 
which is battered and scarred 
with craters. Iapetus is an¬ 
other strange moon, since it 
has a dark side facing for¬ 
ward in its orbit around 
Saturn and a bright side 
facing backward. 

The dark side is as black 
as asphalt and has given rise 
to much speculation as to 
its composition, since it has 
one of the darkest surfaces 
in the solar system. 

The first images of the 
outermost satellite, Phoebe, 
were captured by Voyager 2. 
This orbits in the opposite 
direction to the other moons 
and may possibly be a cap¬ 
tured asteroid rather than a 
normal Saturnian moon. 


Radio Signals 

All of this work (and 
many other projects) would 
not have been possible with¬ 
out the US Deep Space Net¬ 
work for receiving the ex¬ 
tremely weak radio signals 
from the spacecraft. The 
Deep Space Network has 
stations in Goldstone, Cali¬ 
fornia, near Madrid, Spain 
and near Canberra, Aus¬ 
tralia. These stations have 
been deliberately spread out 
around the surface of the 
earth so that no spacecraft 
can be out of sight of all 
three of the stations at any 
time unless the craft is in 
the radio shadow of a huge 
object such as Saturn. 

Spacecraft going towards 
the Sun can use solar panels 
to convert the energy of the 
Sun into the electric power 
they need. However, Voyager 
was designed to travel to the 
outermost parts of the solar 
system where the intensity 
of sunlight is very small, so 
it had to be provided with 
radiosotope thermoelectric 
generators to provide the 
power required by the radio 
transmitters and instru- 

Both Voyager craft receive 
signals from earth at a fre¬ 
quency in the Sband (over 
2,000MHz). Signals sent from 
earth programme their on¬ 
board memories so that they 
make the desired observa¬ 
tions at the right time and 
so that their small gas jets 
put them into the required 
trajectory and enable course 
correcting trajectory changes 
to be made. Voyager 2 had 
its main receiver fail, so it 
has operated on a duplicate 

The spacecraft transmits 
at a maximum power of just 
over 28W in the S-band 



A series of views of the moon Tethys 
taken at 4 hour intervals shows its 
400km crater rotating towards the 
limb of this satellite. Note the central 
peak and the circles around the 
crater. 

(about 2,300MHz), but can 
also transmit in the X-band 
at about 8,400MHz at a power 
level of up to about 21W. 

The Voyager craft have a 
3 -7m diameter reflector dish 
which can be pointed to¬ 
wards the earth to provide 
good communications facili¬ 
ties with high data return 
rates at the great distance 
of Saturn. However, a low- 
gain antenna is also incor¬ 
porated in the craft so that 
if the high-gain dish antenna 
happens to be facing away 
from the earth, a command 
signal can be sent to the 
low-gain antenna to cause 
the large dish to face the 
earth again. 

The signals reaching the 
earth are so weak that the 
Deep Space Network stations 
have 64m diameter dish 
aerials to receive them to¬ 
gether with smaller 34m and 
26m diameter dish aerials 
for reception when condi¬ 
tions are not so critical. In 
addition, the smaller aerials 
can provide signals which 
can be fed to a computer 
together with the signals 
from the larger aerials to 
provide optimum reception. 

Bad weather conditions 
(such as heavy rain or snow) 
at an earth receiving station 
can cause loss of the X-band 
signal. Some of the most im¬ 
portant data was therefore 
recorded on the spacecraft’s 
instruments and re-transmit¬ 
ted later to other earth 


stations to provide a form of 
insurance against partial loss 
of the information which 
has been so costly to obtain. 

Jammed Platform 

When Voyager 2 was in 
the shadow of Saturn and 
out of radio communication 
with the earth stations, a 
moying platform which car¬ 
ries the cameras and certain 
other instruments became 
jammed in position. Although 
it could still be moved in the 
vertical direction, it could 
not be moved horizontally. 

Engineers immediately set 
about investigating the prob¬ 
lem, but any command signal 
they sent to the craft took 
about 1 hour 25 minutes to 
reach the craft and a similar 
time had to pass before the 
engineers could receive a 
signal back from the craft 
to ascertain whether the 
command had been effective. 
This long delay, due to the 
immense distance involved, 
made the investigations far 
more difficult. 

The platform mechanism 
was finally freed after a few 
days and, although initially 
stiff, the performance of the 
movement has steadily im¬ 
proved. Thus the workers 
are anticipating there will be 
no problem at Uranus en¬ 
counter. 


As the sticking of the plat¬ 
form occurred shortly sifter 
the spacecraft had passed 
through the plane of the 
rings of Saturn, it was 
initially thought that the 
problem could have been 
due to particle bombardment 
of the mechanism with 
minute, very high velocity 
particles. Further investiga¬ 
tion has shown that the 
problem was apparently 
caused by worn gear 
mechanisms, close clearances 
between gears and lubrica¬ 
tion problems in the low- 
temperature, high vacuum 
conditions near Saturn. 


Conclusions 

The Voyager craft (and 
other planetary missions) 
are one of the marvels of 
modern electronics which has 
been able to answer quesions 
over which man has pon¬ 
dered for centuries. Unfor¬ 
tunately even the USA is 
having to cut its expenditure 
on its space programme, but 
some projects will be going 
ahead during the early 
1980’s. H 

The writer is indebted to 
Don Bane, Jet Propulsion 
Laboratory, California for 
providing information and 
photographs used in this 
article. 
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By Pat Hawker, G3VA 


FM or SSB 

In the political rather than technological 
arguments about FM and AM for CB 
operation, there has been a tendency to 
knock unduly the performance that can be 
achieved with narrow-band FM. But it was 
a little surprising to find Dr. William Gos¬ 
ling, technical director of Plessey Elec¬ 
tronic Systems Ltd, writing in “The 
Guardian” newspaper: "I am well-known 
as an opponent of the use of f.m.—for any¬ 
thing—on the grounds that it wastes 
valuable space in the radio bands. For CB 
radio I would have preferred the UK to 
adopt the more advanced s.s.b. system, 
now rapidly becoming dominant in the 
IIS”. 


Apart from the fact that use was being 
made of s.s.b. techniques as early as 1915 
whereas we owe practical f.m. to Howard 
Armstrong's work in the 1930s, there 
remains many doubts about the effective¬ 
ness of s.s.b. for mobile operation; none 
about f.m. 

Even Dr. Gosling's strong support for 
s.s.b. was less evident only afew years ago 
when he strongly advocated the alternative 
system of double-sideband a.m. with 
diminished carrier for private mobile radio. 
A system which indeed can be shown to 
have considerable advantages over s.s.b. 
for many applications but requires the use 
of fully synchronous detectors in the 
receivers. 


Inconclusive trials 

More recently the Home Office and Pye 
Telecommunications have carried out 
many tests on the use of s.s.b. systems 
(to which Dr. Gosling later turned) but 
these have proved far from conclusive. 
Indeed at distances ot more than a very 
few miles, 25kHz channelling f.m. appears 
to have consistently outperformed s.s.b. 
(though it must be added that s.s.b. might 
permit 5kHz channelling). 

For mobile operation to make full use of 
the narrow channels calls for a very high 
standard of sideband suppression and 
extremely good and complex automatic 
gain control in receivers. Also, there is an 
increasing problem of Doppler frequency 
shift when vehicles are travelling at speed 
when using the higher frequencies. 

Broadcasters use wideband f.m. with 
around 200kHz channel spacing but can 
claim that for national coverage this is 
actually less extravagant in radio spectrum 
utilization than a.m. This is because the 
“capture effect” of f.m. permits the same 
frequency to be used many times over 
even in a relatively small area such as the 
UK whereas a.m. or s.s.b. require a much 
greater “protection ratio", that is to say an 
interfering signal has to be much stronger 
with wideband f.m. before it becomes 
objectionable. 

So although for some purposes s.s.b. is 
definitely superior to FM or AM, it would 
not only result in unnecessarily complex 


(and more costly) equipment for CB it is 
doubtful whether it would have any signi¬ 
ficant advantage. 


^rn^mmCB licences i 


The actual conditions of the CB 
licence seem an odd mixture of an 
easy-going approach interspersed with 
tough technical conditions. For ex¬ 
ample there is not much that you 
cannot do, except to make grossly 
offensive or obscene remarks or 
speak in code. Likewise it is possible 
to use selective calling systems which 
are apparently not permitted by the 
amateur radio licence. 

On the other hand, it is a condition 
of the licence that the aerial should 
not be more than 1-4 metre long with 
base loading, which is less efficient 
than a loading coil two-thirds of the 
way up or with top capacitance load¬ 
ing. On 27MHz unloaded quarter-wave 
ground planes, monopoles or half¬ 
wave dipoles are all well over 1-4 
metres long and thus illegal. 

One can see reasons for limiting 
the length of the aerial on a mobile 
unit, but one would have expected 
that for base stations at least the 
classic ground-plane aerial (originally 
devised in the 1930s by Dr George 
Brown of RCA for American police 
communications) would have been 
permitted. Perhaps it is all just to 
make it easier to spot “illegal” opera¬ 
tors, though that may prove unfortun¬ 
ate for licensed amateurs with full- 
size aerials! 


Brass pounders 

For many years Morse operators have 
been called "brass pounders" although 
very few modern Morse keys are made of 
brass—more's the pity. Recently I spotted 
a collector offering (for abou( £60) an 1898 
brass key claimed to be in vintage condi¬ 
tion. 

This caught my eye since for many 
years I have used one of the classic 
double-current brass keys made by 
Griffin, London (No. 432 Mk. Ill 1914) with 
its massive brass terminals and gleaming 
"send/receive” switch. I have to admit that 
mine is not in "vintage" condition, cost me 
a princely half-a-crown in 1938, and is 
much more of a working tool than a collec¬ 
tor's item. 

In the interim period I have learned to 
use and tried out many other forms of 


Morse key: the sideswiper, the semi¬ 
automatic “bug” key, the popular elec¬ 
tronic keyer and the modern dual-paddle 
"squeeze” keyer. My conclusion is that 
there is no single “best" type of key but 
that individual operators gravitate towards 
the type that suits them best: in my case 
the large but elegant double-current brass 
key. 

I also suspect that this once popular 
type of key has an advantage in that unlike 
most up-and-down manual keys the down¬ 
ward motion is not suddenly halted by the 
silvered electric contacts which are on 
springy metal but against a pliable washer. 
But also because, with the aid of metal 
polish and a rag, they become laboratory 
instruments with all the aesthetic appeal 
of gleaming brass—vintage Bentley's of an 
almost bygone era of telegraphy. 

This feeling is clearly shared by others 
and I note that in New Zealand replica 
keys based on a once standard British 
Post Office key are now on the market. 


Manual speed 

According to the Guinness Book of 
World Records, Harry Turner, W9YZE is 
credited as holding the record for fast 
sending on a purely manual key, having 
clocked up 175 characters per minute (35 
words per minute) in November 1942 at the 
US Army Signal Corps School at Camp 
Crowder, Missouri—and he still pounds 
brass on the amateur bands. 

To reach 35 wpm is no mean achieve¬ 
ment although I have come across opera¬ 
tors capable of reaching about 30 wpm on 
good straight keys. The real beauty of such 
sending is not usually the speed but good 
letter formation and the absence of errors 
that tend to mar the "perfect" sending of 
electronic keyers. 


Reliability 

The strong emphasis put by consumers 
on “reliability” as the most desirable 
characteristic of any complex electronic 
equipment is increasingly recognized by 
industry in Europe and North America and 
has long been exploited by Japanese 
industry. 

A recent special issue of the profes¬ 
sional IEEE "Spectrum" journal is largely 
devoted to reliability and also sheds some 
light on the rising cost of repairs. It is 
pointed out that a good 19-inch colour 
television set in the USA retails for about 
$400 while a typical service call to the 
home costs from $35 to $100 for labour 
and replacement parts. 

If only one in a hundred receivers 
requires a service call during the warranty 
period, and taking an average of $50 per 
call, the cost of unreliability to the manu¬ 
facturer is 50-cents per set. But if one in 
ten sets requires servicing it amounts to 
$5 per set. 
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COMPONENTS 


\A/hilst electronic timers are by no 
’ ' means uncommon as construc¬ 
tional projects, this design has the 
merits of being compact, economical 
on batteries and cheap to build. 
Operation of the device could not be 
simpler, being activated by means of 
a solitary on/off slide switch and 
commences to bleep at the expiration 
of the preset timing period. Switching 
off the unit also resets the timer in 
readiness for a further cycle. 

The prototype has amply repaid its 
construction in use not only as an egg 
timer but also for timing telephone 


Fig. 1, Circuit diagram of the Mini Egg Timer. 


calls and turns at Scrabble and 
should be well within the competence 
of the beginner in electronics. 


CIRCUIT DESCRIPTION 

The unit is built around the 555 
timer i.c., two of which are employed 
in the astable (free-running) mode. 
Referring to the circuit diagram, Fig. 
1, IC2 both sets the initial timing 
period and, at its conclusion, produces 
an audible signal via the transducer, 
a piezo-ceramic device. 

The timer could in fact be con¬ 
structed using only IC2 and its asso¬ 
ciated components whereby a continu¬ 
ous note would be emitted. IC1 serves 
to modulate IC2 thus producing an in¬ 
termittent bleep which, at the expense 


of a little more current consumption, 
is more compelling as-an alarm. 

The operating cycles of both i.c.s 
are governed by the time taken to 
charge a capacitor via a resistor 
chain. In the case of IC1, the relative 
timing components are Rl, R2 and Cl 
which produce a bleep modulation 
frequency of about 2-5Hz. 

IC2 functions in a similar fashion, 
although with a significant difference. 
In this instance C2 forms the initial 
charging capacitor (C3 being neg¬ 
ligible by comparison), the rate of 
charge being governed by R4, R5, R6 
and VR1. At switch on, C2 begins to 
charge and after 3 minutes (using the 
components specified) IC2 would nor¬ 
mally initiate a discharge cycle. How¬ 
ever, the inclusion of D2 prevents C2 
from discharging and it effectively 
drops out of circuit. C3, which is al¬ 
ready charged, is nevertheless free to 
discharge and it therefore controls 
the timing cycle, continuing to charge 
and discharge at an audible frequency 
of around 2kHz. 

When the device is switched off, the 
spare contacts on SI are used to en¬ 
sure that C2 is fully discharged 
through R3, thereby eliminating any 
risk of variations in the timing cycle. 


CASE 

Start by cutting an aperture in the 
case to house the slide-switch, SI. As 
indicated in the photograph, the switch 
is mounted as close as possible to the 
corner of the case on one of its short 
sides. Drill two adjacent holes about 
5mm diameter and open these out 
with a needle file to a suitably sized 
rectangle. After checking that the 
switch can be freely operated within 


See 

Sh 

Tal 


R4 120kD (see text) 

R5 1-2MD 
R6 120kfi page 30 

All JW carbon ±5% 

Capacitors 

Cl 2-2/rF 10 V tantalum or elect. 
C2 47/rF 10V tantalum or elect. 
C3 120pF min. ceramic 

Semiconductors 
D1, 2 1N4148 (2 off) 

IC1, 2 555 timer (2 off) 

Miscellaneous 

VR1 220kfi sub-miniatuie veiti- 
cal preset 

SI Sub-miniature d.p.d.t. slide 
WD1 PB2720 Piezo-ceramic 
transducer 

B1 9V battery (PP3) 

Shipboard, 0-1 inch matrix, 24 
holes by 7 strips; battery clip; 
Verobox type 202-21025K, 72 x 50 x 
25mm; Veropins (5 off); equipment 
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the aperture, two small holes can be 
drilled for the fixing screws. 

Finally drill a 3mm hole in the 
centre of the case lid for the sound 
from the transducer. 


CIRCUIT BOARD 

First, cut the Veroboard to the size 
indicated in Fig. 2 noting the rebate 
required to fit round the corner pillar 
of the case. Then, using a hand-held 
3mm drill or Vero track cutting tool, 
cut the copper strips in the positions 
shown. 

Soldering should commence with 
the wire links indicated in Fig. 2. Note 
the two small diagonal links positioned 
under each of the i.c.s. Check the 
position of these links carefully; mis¬ 
takes will be difficult to rectify once 
the i.c.s have been soldered into 
position. 

Normal practice is to leave the in¬ 
stallation of “active” components such 
as the i.c.s until last but in this in¬ 
stance there is some merit in revers¬ 
ing the procedure to assist the physical 
location of other components. Start, 
therefore, with IC2 taking care to en¬ 
sure that it is correctly orientated by 
referring to Fig. 2. Continue by in¬ 
stalling R3, 5 and 6, preset VR1, Cl 
and D2 (observing the polarity of the 
•latter two components). Clip off sur¬ 
plus leads close to the soldered joint. 

The value of R4 depends on the tol¬ 
erance of the other timing components 
and may need to be changed to 
achieve the desired preset time period. 
At this stage temporarily fit a 120kft 
.resistor. 

Now wire the piezo-ceramic trans¬ 
ducer, the slide switch and the battery 
clip taking great care in the case of 


necessary, each time adjusting VR1 to 
obtain a duration of exactly three 
minutes. 

If it transpires that this interval is 
not within the range of VR1 it will 
be necessary to increase R4 for 
longer intervals or reduce its value to 
shorten the period. 

It may be, of course, that the con¬ 
structor prefers his eggs cooked for 
four minutes or wishes to set up for 
some other timing function. In that 
event it would be desirable to vary R5 
at the outset and a four minute timer 
would require about 1-5MSI in this 
position. 


FINAL ASSEMBLY 

When all adjustments have been 
completed, wire in R4 permanently 
and attach the transducer to the un¬ 
derside of the lid with a couple of 
dabs of adhesive, taking care to line 
up its centre hole with that drilled in 
the lid. Insert the circuit board in its 
case and screw the slide switch into 
position. No other fixing is necessary 
as the battery will hold the board 
neatly in place. 

Screw the lid to the case, and fin¬ 
ally, attach a label indicating the pre¬ 
set timing period of the unit. tX 


The sound transducer 
mounted on the lid and 
the close packing of 
the circuit board and 
battery. 

the last two items to 
observe correct orien¬ 
tation. Connect a PP3 
battery and switch on 
whereby a continuous 
note should be emit¬ 
ted. 

If all is well, disconnect the battery 
and proceed with the installation of 
I Cl and all remaining components ex¬ 
cept C2. Reconnect the battery when 
this time a modulated bleep should be 
produced. 

The final step is to install the main 
timing capacitor, C2. The preferred 
choice here is a tantalum capacitor 
which is less likely than an electro¬ 
lytic capacitor to deteriorate with age 
thereby affecting the timing cycle but 
a small electrolytic capacitor (10V 
working) can be physically accommo¬ 
dated, however, and will give accept¬ 
able results with probably some sav¬ 
ing in cost. 


ADJUSTMENT 

The final, if somewhat tedious, 
operation is to adjust the preset re¬ 
sistor VR1 to give an accurate timing 
period, the duration of which depends 
on the constructor’s personal prefer¬ 
ences as to the consistency of their 
boiled eggs! The author enjoys a 
three-minute egg, so we shall describe 
the setting up procdure for such. Ro¬ 
tate the preset to its mid-point posi¬ 
tion, reconnect the battery and switch 
on, timing the period before the alarm 
sounds and repeat this process as 
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T he device described in this article 
generates a US police-car type 
“whooping” tone and is suitable for 
many medium-power alarm applica¬ 
tions. The tone is sounded over a 5 
watt loudspeaker and in fact the level 
of output available is quite startling. 
The module can be used with burglar 
alarms, fire alarms or in fact in any 
unit requiring a distinctive audible 
alarm and which is capable of supply¬ 
ing 12 volts at about 500mA. 

It is possible to incorporate a small 
modification which permits the 
module to imitate the familiar two- 
tone sequence of many British police 
cars. 


THE 555 TIMER I.C. 

The circuit employs two 555 timer 
i.c.s, both of which are operated in 
the astable mode. This is illustrated 
in Fig. 1. 

An astable multivibrator possesses 
no stable state, and continues to offer 
a steady stream of pulses at its out¬ 
put without the need for triggering. 
In the case of a 555 astable, a con¬ 
stant square wave (Fig. 2) appears at 
the output terminal. The frequency, 
or number of pulses per second 
(measured in hertz), is dependent 
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upon the values of three external tim¬ 
ing components, namely R», Kb and 
C. Fig. 2 illustrates how the frequency 
is controlled by these three com¬ 
ponents. 

The other interesting features de¬ 
picted in Fig. 1 are the “reset” and 
“control voltage” facilities. The reset 
pin, if grounded, will halt the output, 
that is the output will go low and re¬ 
main like this until the reset signal is 
removed. It is customary to connect 
the reset pin to +V M (the positive 
supply rail) if it is not required. 


CONTROL VOLTAGE 

The “control voltage” pin provides 
another means of adjusting the fre¬ 
quency of the output. Apart from 
altering the values of R», Kb and C, 
a control voltage may be applied to 
pin 5 to vary the output frequency in¬ 
dependently of the “KC network”. 

By applying a voltage to pin 5, it is 
possible to modulate the frequency of 
the square wave output in sympathy 
with the amplitude of the control 
voltage. This method is employed in 
the Siren Module where the applied 
voltage has a sawtooth waveform. 

If the control voltage terminal is 
unused, normally it is connected to 


0V via a 0-01 /jF capacitor, although 
for a minimum component count it 
can be left entirely unconnected. 


CIRCUIT DESCRIPTION 

The circuit diagram of the Siren 
Module is shown in Fig. 3. It can be 
seen that two 555 astable circuits are 
employed, IC1 and IC2 with associ¬ 
ated timing components. IC1 produces 
a square wave operating at a nominal 
frequency of about 50OHz; this forms 
the basic “tone” of the system. 

IC2 produces another square wave 
of a much lower frequency, about 3Hz. 
Note however that a variable resistor 
VR1 is incorporated so this frequency 
is adjustable to a certain extent. VR1 
was in fact eventually incorporated in 
the design to compensate for large 
tolerances which affect the value of 
C3. 

The output of IC2 is coupled 
through R4 and R5 to the control 
voltage terminal of IC1. C2 is a large- 
value electrolytic capacitor whose 
presence converts the square wave 
produced by IC2 into a sawtooth 
waveform. 

The square wave from IC2 causes 
C2 to constantly charge up and dis¬ 
charge, and so the smooth sawtooth 
waveform produced by this is used to 
modulate the output of IG1; the fre¬ 
quency of operation of IC1 is altered 
rhythmically to produce a “whoop¬ 
ing” tone instead of a continuous 
500Hz note. 

As a basis for experimentation, 
readers may wish to note that by 
omitting C2, a “two-tone” effect will 



Fig. 1. Basic arrangement of a 555 timer 
i.c. to function as an astable multivibrator. 


OUTPUT 
VOLTAGE 
(PIN 3) 

1 tl * 0-7 (tf a +* b )C 

t2 * 0-7 R b .C 
FREQUENCY =1/ T 

R = OHMS 

-'•‘fcc 

T = SECONDS 

xua 


hid 


Fig. 2. Output waveform and frequency 
calculation for 555 astable. 
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COMPONENTS 


Resistors 
R1 100k£l 
R2 lOOkCl 
R3 4700 
R4 IkO 
R5 2-2M1 
R6 1k£2 

R7 22Ml page 30 

R8 6800 

All i watt carbon ± 5% 

Capacitors 

Cl 0-01/iF polyester (C280) 

C2 47/t*F 12V elect, radial leads 
C3 10/rF 12V elec, radial leads 
C4 150/rF 12V elect. 

Semiconductors 

IC1,2 555 timer i.c. 8-pin d.i.l. 

TR1 TIP31A npn silicon 
D1 TIL220 0-2 inch red l.e.d. 

D2 1N4001 1 A silicon 

Miscellaneous 

VR1 22kO sub-miniature 
horizontal preset 
TB1 3-way 2A screw terminal 
. strip 

Stripboard: 0-1 inch matrix 18 
strips x 37 holes; 8-pin d.i.l. 
sockets (2 off); clip/bush for D1; 
TO-220 insulating kit for TR1; 
rubber grommet; metal case size 
100 x 70 x 40mm; Veropins (5 
off); p.v.c. covered stranded wire; 
6BA fixing hardware; 2mm dia¬ 
meter sleeving; 22 s.w.g. tinned 
copper wire; Loudspeaker and 
enclosure—see text. 




be produced. This is because a 
square wave is being used directly 
as a modulating signal for IC1, so that 
the 500Hz tone is suddenly increased 
and then decreased again, producing 
two separate notes. 

The final “whooping” tone is avail¬ 
able at pin 3 of IC1, but the maximum 
current that can be supplied is only 
200mA. This is insufficient for the re¬ 
quired 5 watts power output. TR1 
functions as a current amplifier to 
realise 5 watts into an 8 ohm speaker. 

An 8-ohm loudspeaker (minimum) 
should be used, with a minimum 
power rating of 5 watts r.m.s. An ex¬ 
music-centre loudspeaker mounted in 
an enclosure has been used with the 


prototype with very great effect. Note 
however that the loudspeaker is con¬ 
nected to the Siren Module through a 
terminal block, but it will be possible 
to mount an unhoused Siren Module 
in the loudspeaker enclosure itself. 

The circuit requires a 12V supply 
maximum at 500mA maximum, 
300mA minimum. D2 protects the cir¬ 
cuit from damage which could occur 
if the power supply happened to be 
accidentally reversed upon initial 
switching on. Finally, D1 is a light- 
emitting diode which glows when the 
power is on, and C4 serves to de¬ 
couple the power supply and prevents 
unwanted interaction between the two 
oscillators. 



HOW IT WORKS 

A low frequency oscillator has its output "shaped" to provide a sawtooth 
waveform. The second audio frequency oscillator, without any signal fed | 
to its control input produces a tone of about 500Hz. The effect of the 
sawtooth voltage is to cause this tone to vary in pitch about 500Hz, the 
shape of the sawtooth producing a "whooping” tone. This is heard in a 
loudspeaker via a current booster amplifier (not shown). 
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The completed siren showing the mount¬ 
ing of the supply and loudspeaker con¬ 
necting terminal block on the side of the 
case. 



CASE 


The Siren Module can be built into 
a standard aluminium box measuring 
100 X 70 X 40mm and the circuit it¬ 
self—with the exception of TR1—can 
be constructed on 0-linch stripboard, 
18 strips X 37 holes. 

Any other metal case can be used 
providing that it is of a size suitable 
for carrying the completed circuit 
board. 


CIRCUIT BOARD 

Fig. 4 illustrates the suggested strip- 
board layout. Having cut the strip- 
board to size, drill four 6BA clearance 
holes in each corner as shown to take 
the necessary mounting hardware. 
Take care when drilling to make sure 
that the circuit board is not fractured 
due to excess pressure. 

Then all the breaks in the copper 
strips are made, using either a hand¬ 
held twist drill or the proper spot 
face cutter. The Veropins may then 
be inserted and soldered in the posi¬ 
tions indicated. 

At this stage it may be best to 
solder in the two 8-pin d.i.l. sockets 
which carry the i.c.s. These serve as 
a good reference when locating and 
soldering the 22 s.w.g. tinned copper 
link wires. 

The recommended order of con¬ 
struction continues with the soldering 
in of the miniature resistors and the 
electrolytic capacitors. 
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easily identify the 




so that you can 
leadouts. 

Standard multicored hook-up wire 
can be used throughout as flying 
leads, with 2mm diameter p.v.c. sleev¬ 
ing pushed over the leads of the 
l.e.d. and TR1 to ensure that short- 
circuiting will not occur. 


TESTING AND SETTING UP 


The completed circuit board mounted in position on the base of the case. The cutaway 
in the lip to avoid obstructing the terminal block can be seen top right. 


HEATSINK FOR TRANSISTOR 

During normal operation, the tem¬ 
perature of TR1 will rise noticeably, 
and so the aluminium box is used as a 
heatsink to dissipate some of this 
heat, the reason for specifying a metal 
box to house this project. 

TR1 is mounted on one wall of the 
aluminium box with 6BA hardware, 
using a TO-220 mica washer and in¬ 
sulating bush to isolate the transistor 
tab (which is internally connected to 
the collector) from the box. A smear 
of silicon grease or similar heatsink 
compound on both sides of the mica 
washer will assist in heat transfer 
from the transistor to the heatsink. 


inside once the completed module is 
closed up—in fact the leads will prob¬ 
ably need cutting back a little. Cut 
the anode shorter than the cathode 


Once construction is complete, 
check out the finished unit carefully. 
In particular inspect the circuit board 
closely, and fit the i.c.s correctly into 
their sockets if you have not already 
done so. Set VR1 to middle position. 

Connect a suitable loudspeaker to 
the Ov and ls terminals of the 
module, and then apply 12V (500mA 
maximum) to the +12v and Ov 
terminals. 

Switch the power on: the l.e.d. 
should illuminate and the Siren 
Module should drive the speaker, but 
the “whooping” tones may not be per¬ 
fectly formed. By adjusting VR1 it 
should be possible to produce the 
desired effect. £1 


The “lid" or base of the siren removed showing clearly how the circuit board is mounted 
on spacers. The l.e.d. is seen on the right of the case with insulating sleeving over the 
pins. Take care that the l.e.d. does not foul on the circuit board. 


Note that it will be easier to solder 
a flying lead to each of the terminals 
before fixing in place. 


TERMINAL BLOCK 

Mounted externally on the case is 
a 3-way screw terminal block which 
carries the connections for the posi¬ 
tive supply rail and also one terminal 
of the loudspeaker; the third screw 
terminal forms a combined connec¬ 
tor both the OV and remaining loud¬ 
speaker terminal. Bear in mind that 
the lip of the lid overlaps about 6mm 
when positioning the terminal block 
on the outside of the case. 

A small hole must be drilled next 
to the terminal block and this hole 
should be fitted with a small grommet. 
Flying leads are then taken from the 
appropriate Veropins on the circuit 
board, through the hole to the ter¬ 
minal block as shown. 

The light-emitting diode can be 
mounted on the front of the box using 
and l.e.d. bush-clip. The l.e.d. must be 
positioned such that its leadouts will 
not interfere with the circuit board 
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OF NON-CONDUCTIVE OBJECTS by R, M. Henderson 


There are many objects whose 
* appearance can be enhanced by 
electroplating. The drawback is that 
many of them are non-conductors; 
for example, leaves and leaf skeletons 
and plastic models. 

The methods involved are quite 
easy to follow and require no 
specialist equipment. 

FIRST STEPS 

The first step is to obtain a bottle 
of “Aquadag”. This is a colloidal sus¬ 
pension of graphite and may be 
bought at a good chemist or photo¬ 
graphic dealer. If any difficulty arises 
then you may have to resort to a 
scientific equipment dealer (look in 
Yellow Pages). 

The object to be plated must be 
perfectly clean, dry and free from 
grease. A good wash in detergent fol¬ 
lowed by a rinse in distilled water 
will ensure this. Handle with tongs or 
tweezers at this stage as fingers are 
naturally greasy. 

The object is then left to dry and 
then painted all over with Aquadag 
using a soft brush to ensure that all 
the detail of the object shows through 
the coating. A second coat is applied 
when the first is dry. 


THE CELL 

An electroplating cell must now be 
constructed. This consists basically of 
two electrodes, one formed by the 
object to be plated and the other 
formed from the material that is 
going to be deposited onto our object, 
and an electrolyte, or solution in 
which the two electrodes are im¬ 
mersed. The whole system is, of 
course, contained in a tank or vessel 
of some sort. 

The ideal vessel would be a rec¬ 
tangular glass tank. However, any 
large container such as a plastic 
bucket or bowl would do just as well. 

For obvious reasons, a metal tank 
would not be suitable as it would by¬ 
pass the action of the cell. 

An electrical connection is made to 
a part of the object which will not 
show or may be cut off when finished 
and this connection is taken to the 
negative side of the battery or power 
supply. This should be well smoothed 
and give at least 6V d.c. The object 
becomes the negative electrode or 
cathode. 

A positive electrode or anode 
should also be constructed and this 
should consist of a thick rod or 


preferably plate of the metal to be 
deposited onto the cathode. Needless 
to say this is connected to the 
positive terminal of the battery. 

The anode should, if at all possible, 
be of greater surface area than the 
cathode and if metal plate or foil is 
not available, rod or wire can be 
heated and beaten flat. Several inter¬ 
connected pieces may be needed. 


PLATING CURRENT 

The best plating is done when the 
current is 10mA per square centi¬ 
metre of cathode, although areas 
need not be exact. If you were plating 
plastic chessmen for example, you 
could regard them as cylinders and 
calculate the surface area from the 
usual formula; Area equals 2*rh + 
2in- 2 , where h is the height and r the 
radius in centimetres. 


The area of a leaf can be found 
by drawing round it on centimetre 
graph paper and counting complete 
centimetre' squares then adding half 
the number of incomplete squares 
before doubling. 

Ideally the cathode should revolve 
slowly all the time (the method is 
outside the scope of this article), but 
a turn through ninety degrees each 
quarter of the total plating time will 
do. In fact this can take up to 48 
hours depending on “plate” thickness. 

Do not try to hurry the plating by 
increasing the current as this causes 
the result to be very granular and the 
plated metal does not adhere properly 
to the object. 

The choice of electrolyte and 
operating temperature depend on the 
metal being plated and Table 1 sum¬ 
marises the best solutions and work¬ 
ing temperatures. 



ASBESTOS MAT 
AND HEATER 
(IF USEO) 


Fig. 1. A practical electroplating set-up. 
Table 1: Electrolytes for different metals 


Electrolyte details 


Comments 


12-5g copper sulphate crystals and 
12 drops of battery acid in one litre 
of water. 


50ml of saturated zinc sulphate 
solution with an equal volume of 
water. Add 4 drops of battery acid 
and a teaspoon of Borax. 

50g of nickel ammonium sulphate 
in one litre of water. 


Strong coat of copper 
at 38°C; softer coat 
which polishes easily 
at 50°C; adequate plat¬ 
ing at room tempera¬ 
ture. 

Temperature makes 
little difference. 


Note that a saturated solution is made by warming water and dissolving as many 
crystals as possible. When allowed to cool to room temperature, crystals appear at 
the bottom of the vessel and the liquid above these crystals is the saturated solution. 
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FINISHING OFF 

If a leaf or other organic object is 
plated, a small hole must be made 
through the plating in an incon¬ 
spicuous place or the stem cut off 
revealing the interior. The leaf is 
then gently warmed at first and then 
more strongly until it carbonises leav¬ 
ing an empty shell of plated metal. 

The melting points of copper, zinc 
and nickel are 1083, 420 and 1453 
degrees Celsius respectively, so a little 
care is necessary here, especially with 
zinc. Any discolouration due to the 
heating can be removed with metal 
polish. If the leaf is not totally des¬ 
troyed, gases from its decomposition 
may damage the plating. 

This small hole can be sealed when 
the heating process is completed 
using Araldite mixed with filings of 
the appropriate metal and carefully 
ground level with carborundum paper. 

SOME PRACTICALITIES 

A suitable practical set-up for 
electroplating is shown in Fig. 1. The 
stands are made from half-inch dowel 
inserted and glued into pre-drilled 


holes in a wooden base approximately 
100 X 150mm in size. A clothes peg 
is then glued onto the rod in the 
position shown in the diagram. Two 
of these are required. 

A weight placed on the base of the 
stand may be necessary to prevent it 
overbalancing. 

The tank containing the solution 
(electrolyte) rests on an asbestos 
mat. If an electric heater is available 
so much the better. However only use 
heaters that have been specifically 
designed for this sort of work (for 
example photographic tray heaters) 
as a mixture of water and electricity 
can be very dangerous. This rules out 
home-made contraptions. 

The electrical circuit consists of a 
battery, meter and variable resistor 
or rheostat. The rating of these par¬ 
ticular items will, depend on the job 
in hand but, bearing in mind that you 
require 10mA per square centimetre 
you should plan for about a maximum 
of 100 to 150 square centimetres. 
This means that your ammeter should 
be capable of measuring T5A and 
the battery should be capable of 
delivering a continuous current of 


1-5A for an appreciable time. In 
practice this will mean using an 
accumulator such as a car battery. 

The rheostat should again be 
adequately rated so you will probably 
need a wire-wound type rated at 20W 
for 12V working or 10W for 6V work¬ 
ing. 

The time taken to plate an object 
can vary and the surest way of work¬ 
ing this out is by experience and a 
sharp eye. Although the time required 
depends largely on how thick the 
coating is going to be, you are going 
to need several hours to complete the 
process. 

MAINS POWER 

As an alternative to using a 
battery, you could try using a mains 
power supply. This has several advan¬ 
tages especially if you have access 
to a stabilised supply where all the 
control is built in. This would enable 
you to dispense with the rheostat and 
separate meter. 

The main requirement is that the 
supply is well regulated and smoothed 
and once again able to supply the 
current demanded for the process. H 


w 

s 

m 

Readers' Bright Ideas; any idea that is published 
will be awarded payment according to its merit. The 
ideas have not been proved by us. 


SWITCHES FOR SLIDER POTS 

It is possible to obtain rotary potentiometers with a 
switch incorporated which turns off at one end of the 
travel. However, slider pots never have this. Therefore 
I have thought up a simple method of adding a switch. 

A lever operated microswitch is mounted at one end of 
the slider so that at the extreme end of its travel, the shaft 
presses against the lever and opens the normally closed 
contacts. 



BALANCING AMPLIFIER CHANNELS 

The balancing of the output of multiple channel audio 
amplifiers can be performed by connecting a speaker 
across the two non-common terminals (sometimes marked 
“output” or “ + ”, in other words those not connected to 
earth or the chassis) of the channels to be balanced. With 
the same signal to both inputs of the amplifier channels 
(or the amp switched to mono) and the volume or gain 
turned up, the balance and/or tone controls are adjusted 
until there is as near to no volume as is possible. The 
amplifier is now balanced. 

This method may be used for balancing low output a.f. 
amps or r.f. amps provided an a.c. voltmeter or oscillo¬ 
scope is connected in place of the speaker. 

C. M. Rogers, 
Wooton-under-Edge, Glos 



CHEAP AERIAL INSULATOR 

Porcelain or glass aerial insulators can often be costly 
items to buy in the shops but there is a simple and cheap 
alternative (see diagram). 

First of all take a cork and put a small screw eye in 
both ends. No holes need to be drilled because the cork 
is soft and they can just be screwed straight in. 

The supporting wire is attached to one screw eye and 
the aerial to the other. Before it can be used it must be 
water proofed with paint or varnish. 

If a heavier duty or better quality insulator is required 
then the cork can be replaced by a piece of pine. 

John Hickson, 
Bexley, Kent 
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BIPOLAR TRANSISTORS 


SQUARE 

one 

FOR 

BEGINNERS 


Transistors come in a variety of 
■ shapes and sizes, the type of en¬ 
capsulation often depending on the 
function it performs in a circuit. For 
example, a power transistor needs to 
be fairly substantial to dissipate un¬ 
wanted heat whereas a high fre¬ 
quency device will require a metal 
can for screening. 

Detailed here are the physical out¬ 
lines and lead configurations, along 
with important electrical parameters. 

TRANSISTOR PARAMETERS 

I 0 (max): maximum collector current. 
v C s (max): maximum voltage allowed 
across the emitter and collector termi¬ 
nals. 

hp E : d.c. current gain (large signal 
gain). 

Ptot: maximum permissible power 
dissipation in the device. 
ft: the frequency at which the cur¬ 
rent gain (h PK ) drops to unity. 



The circuit symbols representing the two 
types of bipolar transistor. 


Device 

Case 

Material Vqe (max) >C h FE ^TOT 

(V) (max)(min/max) (mW) 

(mA) 

fj 

(MHz) 

AC127 

TO-1 

nG 

12 

500 

50 

340 

2.5 

AC128 

10-1 

PG 

16 

1A 

60/175 

700 

1.5 

ADI 42 

10-3 

nG 

50 

10A 

30/- 

30W 

0.5 

AD149 

10-3 

PG 

50 

3.5A 

30/100 

22W 

0.5 

AD161 

SO-55 

ng 

20 

3A 

80/320 

4W 

3 . 

AD162 

SO-55 

PG 

20 

3A 

80/320 

4W 

1.5 

BC107 

TO-18(a) 

nS 

45 

100 

110/450 

360 

250 

BC108 

10-18(a) 

nS 

20 

100 

110/800 

360 

250 

BC109 

TO-18(a) 

nS 

20 

100 

200/800 

360 

250 

BC147 

LOCKFIT 

nS 

45 

100 

110/450 

350 

300 

BC148 

LOCKFIT 

nS 

20 

100 

110/800 

350 

300 

BC149 

LOCKFIT 

nS 

20 

100 

200/800 

350 

300 

BC182L 

10-92(1' 

nS 

50 

200 

100/480 

300 

150 

BC184L 

10-92(1) 

nS 

30 

200 

250/- 

300 

150 

BC212L 

10-92(1) 

PS 

50 

200 

60/300 

300 

200 

BC214L 

10-92(1) 

PS 

30 

200 

140/600 

300 

200 

BC477 

10-18(a) 

PS 

80 

150 

110/950 

360 

150 

BC478 

T0-18(a) 

PS 

40 

150 

110/800 

260 

150 

BC479 

T0-18(a) 

PS 

40 

150 

110/800 

360 

150 

BD131 

T0-126 

nS 

45 

3A 

20/- 

15W 

60 

BD132 

TO-126 

PS 

45 

3A 

20/- 

15W 

60 

BD237 

TO-126 

nS 

100 

2A 

25/- 

25W 

3 

BD238 

TO-126 

PS 

100 

2A 

25/- 

25W 

3 

BFY50 

TO-5 

nS 

35 

1A 

30 typ. 

800 

60 

BFY51 

TO-5 

nS 

30 

1A 

40 typ. 

800 

50 

BFY52 

TO-5 

nS 

20 

1A 

60 typ. 

800 

50 

TIP31A 

TO-66P 

nS 

60 

3A 

10/60 

40W 

8 

TIP32A 

TO-66P 

PS 

60 

3A 

10/40 

40W 

8 

TIP41A 

TO-66P 

nS 

60 

6A 

15/- 

65W 

3 

TIP42A 

TO-66P 

PS 

60 

6A 

15/- 

65W 

3 

TIP2955 

TO-3P 

PS 

60 

15A 

5/30 

90W 

8 

TIP 3055 

T0-3P 

nS 

60 

15A 

5/30 

90W 

8 

ZTX300 

E-LINE 

nS 

25 

500 

50/500 

300 

150 

ZTX500 

E-LINE 

PS 

25 

500 

50/300 

300 

150 

2N697 

TO-5 

nS 

40 

1A 

40/120 

600 

50 

2N2926G 

TO-98 

nS 

25 

100 

235 

360 

100 

2N3053 

TO-39 

nS 

40 

1A 

50/250 

800 

100 

2N3054 

TO-66 

nS 

55 

4A 

25/100 

25W 

1 

2N3055 

TO-3 

nS 

60 

15A 

20/70 

115W 

1 

2N3702 

TO-92(1) 

PS 

25 

200 

60/- 

360 

100 

2N3704 

TO-92( 1) 

nS 

30 

800 

100/- 

360 

100 

2N3904 

TO-92(5) 

nS 

40 

200 

100/300 

310 

300 

2N3906 

TO-92(5) 

PS 

40 

200 

100/300 

310 

250 


p—pnp, n—npn, G—germanium, S—silicon 
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DO YOU EVER NEED A FEW MORE HANDS?... IF SO 

The new and improved 

MINIBEIMCH* 

System 

will add a new dimension to your hobby 



SALES DEPT., ABSONGLEN LTD., PO BOX 13, HEREFORD HR1 1EA 


Semiconductor News 


OPTO-ELECTRONICS 


Seven segment displays 
designed for viewing up to 
30 feet away are now avail¬ 
able from Litronix. These 
20mm displays, the DL-3400 
series, are pin for pin com¬ 
patible with the HP 508 23400 
series and are designed for 
use in such applications as 
clocks, point of sale equip¬ 
ment, and other similar sys- 

The latest idea in seven 
segment display oounter-de- 
coder-drivers has just been 
introduced by Intersil. This 
is the ICM7208 and is manu¬ 
factured using a low voltage 
metal gate cmos process. 

The most interesting 
feature of this new device is 
the fact that not only does 
it feature low power con¬ 
sumption (lOmW maximum) 
and combine counting, de¬ 
coding, and display driving 
circuits, but it also runs no 
less than seven separate 
seven segment displays. This 
means that such functions as 
multiplexing, display blank¬ 
ing, reset, input inhibit and 
so on are also included on 


the chip. 

For simple counter unit 
applications the chip re¬ 
quires only the addition of 
displays and a handful of 
resistors and capacitors to 
build a fully operational sys- 


A new departure in panel 
lamps has just been intro¬ 
duced by Hewlett-Packard 
and consists of an l.e.d. with 
a reverse current protection 
diode and series resistor con¬ 
tained in a single package. 

Two versions are available 
—the HLMP-3105 designed 
for 5V operation and HUVfP- 
3112 designed for 12V opera¬ 
tion. 

Both lamps use l.e.d. chips 
made from Gallium Arsenic 
Phosphide on a Gallium 
Phosphide substrate and 
emit red light (yellow and 
green devices are also avail¬ 
able) and the wide 90 
degree viewing angle allows 
them to be used in many 
display and control panels 
without the operator position 
relative to the panel being 
too critical. 


CRYSTAL DATA 

A M-Tron data sheet which 
includes a cross reference 
chart for Microprocessor 
Quartz Crystals is available 
from MCP Electronics Ltd., 
Dept EE, 38 Rosemont Road, 
Alperton, Wembley, Middle¬ 
sex, HAO 4PE. 

MCP is sole UK agent for 
the M-Tron range of quartz 
crystals which encompasses 
a group of commonly used 
microprocessor clock crys¬ 
tals, as well as the facility 
to produce to specification 
any crystal within the range 
1 to 170MHz. 


SERVO AMPLIFIER 

Electronic control in indus¬ 
try is an expanding market 
and Ferranti Electronics have 
just extended their product 
range with a new low cost 
servo amplifier i.c. 

This is the ZN409CE and is 
offered in a standard 14-pin 
d.i.l. package. The company 
already manufactures the 
well known ZN419 but this 
suffers from “over the odds” 
pricing because of its non¬ 
standard miniature packag¬ 
ing. The new i.c. is identical 
in specification to the ZN419 
but 25 per cent cheaper. y' 


DYNAMIC MEMORY 

Another new chip from 
Intel is the 2164, a 64K by 
1-bit dynamic ram. It is 
manufactured using the com¬ 
pany’s well proven hmos 
process and comes in an in¬ 
dustry standard 16-pin di.l. 
package. Maximum access 
time is 200ns and the device 
is pin compatible with the 
earlier 2118 16K bit ram. 


grade to 64K merely by s 
stituting the new chip and 
adding one additional multi¬ 
plexed address line. 

According to Intel, "The 
advent of the 64K dynamic 
ram device will allow sys¬ 
tem designers to incorporate 
more memory into a system 
without increasing its physi¬ 
cal size”. 
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CLEAN CAR 

Recognising the number of 
car cassette players now in 
use. Bib Audio/Video Pro¬ 
ducts have recently intro¬ 
duced a useful car cassette 
head cleaning system, which 
is suitable for use on all 
cassette players. 

The Bib cleaning system 
comprises a non abrasive 
cleaning tape, housed in a 
standard cassette, together 
with tape head cleaning fluid 
in a spray can. 

The recommended retail 
price is £4-99, including 
VAT, and the items are con¬ 
veniently packed in a handy 
storage wallet which can be 
kept in the car glove com¬ 
partment. 

Bib Audio Video Pro¬ 
ducts Ltd, Dept EE, Kel¬ 
sey House, Wood Lane 
End, Hemel Hempstead, 
Herts HP2 4RQ. 



GETTING A GRIP 

A set of three small hand- 
tools fitted with cushion-grip 
handles have been added to 
the range of tools offered by 
Tele-Production Tools. 


ELECTRONIC 

DOORMAN 

Available in several ver¬ 
sions, The Electronic Door¬ 
man entry phone from Bark¬ 
way Electronics is an ideal 
security system for offices, 
flats, houses and other build¬ 
ings. 

For flats and offices the 
equipment can operate via 
a porter’s or receptionist’s 
control panel, catering for 
an ' unlimited number of 
units. At the other end of 
the scale there is a “mini” 
system specially designed for 
houses. It is supplied as a 
complete individual kit 
which, it is claimed, is easy 
to install and operate. 

Barkway Electronics Ltd, 
Dept EE, Barkway, Roys- 
ton, Herts SG8 8EE. 



The set consists of a flush 
cutting side cutter, with the 
cutting head angled at 45 
degrees, and two fine nosed 
pliers. The tools are avail¬ 
able at a cost of £10 per set 
or £3-75 each, inclusive of 
post and packing and VAT. 
Tele-Production Tools 
Ltd, Dept EE, Stiron 
House, Electric Avenue, 
Westcliff -on-Sea, Essex 
SSO 9NW. 




STEREO FM TUNER 

The latest Bi-Kit Stereo 
FM Tuner module board 
from Bi-Pak Semiconductors 
comprises varicap tuning 
and a phase locked loop de¬ 
coder for the reception of 
mono or stereo broadcasts. 

Pushbutton switches enable 
the selection of four pre¬ 
tuned frequencies or stations, 
the selected frequencies 
being tuned by multiturn 
potentiometers. Provision 
exists for the addition of an 
l.e.d. stereo indicator, a 
centre zero tuning meter and 
a mono/stereo switch. 

The ready built S.453 
module is supplied com¬ 
plete with installation in¬ 
structions and costs £22-35 
including VAT and post and 
packing. 

Bi-Pak Semiconductors, 
Dept EE, PO Box 6, 
Ware, Herts SG12 9AG. 


SERVICE WALLET 


The new service wallet 
from Toolmail is designed 
for work on all electronic 
equipment including com¬ 
puters, video and audio 

The zipper wallet contains 
25 branded miniature tools 
made up of: miniature 
soldering iron, desolder 
braid, solder, soldering tools, 
range of screwdrivers, pliers, 
cutters, wire stripper, i.c. ex¬ 
tractor and scissors. 


The kit costs £39-50 includ¬ 
ing VAT with free postage 
anywhere- in the UK. 

Toolmail Ltd, Dept EE, 
Parkwood Industrial 
Estate, Sutton Road, 
Maidstone, Kent ME15 
9LZ. 




CHARGE-UP 
COST DOWN 

Now available in the UK 
is the Gould “Again & 
Again” rechargeable battery 
system, claimed to offer a 
low cost, re-usable alterna¬ 
tive to expensive alkaline 
batteries. 

The Gould nickel cadmium 
battery system includes all 
the popular battery sizes 
and an easy-to-use battery 


charger. The charger will 
take all the batteries in the 
“Again & Again” range, in¬ 
cluding the PP3 type. 

It is claimed that for an 
outlay of around £15, a con¬ 
sumer can buy a set of bat¬ 
teries and a charger which 
will typically provide power 
for up to five years. 

Gould Battery Division, 
Dept EE, Raynham Road, 
Bishop’s Stortford, Herts 
CM23 5PF. 
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makes soldering easy 


Ersin Multicore 

Ersin Multicore, solder contains 5 cores of non- 
corrosive flux, instantly cleaning heavily oxidised 
surfaces. No extra flux is required. 

Comes in handy dispensers and tool box reels in two 
different alloys 40/60 tin/lead for general punjose 
electrical soldering and 60/40 tin/Tead ideal for 
small components and fine wire soldering. 




Size 3 40/60 tin/lead 
£4.37 Per reel ■ 

Size 10 60/40 tin/lead 
£4.37 Per reel o.7i mm di. 


Size 19A 60/40 tin/lead 

. „ £1.15 Handy pack i 22™ndi 

Multicore Savbit 

Multicore Savbit, solder contains 5 cores of copper 
erosion reducing flux, increases the life of your 
soldering bit by 10 times, for better soldering 
efficiency and economy. 

Comes in two handy dispensers and tool box reels. 



Multicore Alu-Sol 

Multicore Alu-Sol. solder contains 4 cores of flux, 
suitable for most metals especially aluminium. 
Comes in handy dispensers on tool box reels. 


Size AL150 Alu-Sol 



All prices inclusive of VAT. 

Available from most electrical and DIYs stores. If 
you have difficulty in obtaining any of these products 
send direct with 50p for postage and packing. For 
free colour brochure send S.A.E 



Multicore Solder Wick 

Multicore Solder Wick, absorbs solder instantly from 
tags and printed circuits with the use of a 40 to 50 
watt soldering iron. 

Quick and easy to use, desolders in seconds. 

Size AB10 Solder Wick 
£1.43 Per pack 



Multicore Tip Kleen 

Multicore Tip Kleen, soldering iron tip wiping pad. 
Replaces wet sponges. 


Size 2 Tip Kleen 
£0.92 Per pack 



Bib Wire strippers and cutters 
Wire strippers and cutters, with precision ground 
and hardened steel jaws. Adjustable to most 
wire sizes. With handle locking-catch and easy-grip 
plastic covered handles. 


Size 9 Wire Strippers 

£2.69 Per pair 


Bib Audio/Video Products Limited 
(Solder Division), Kelsey House, 
Wood Lane End, Hemel Hempstead, 
Hertfordshire, HP2 4RQ. 

Telephone: (0442) 61291 
Telex: 826437 






MASTER 

ELECTRONICS 

NOW! 

The PRACTICAL wav! 


This new style course will enable 


anyone to have a real understanding 
of electronics by a modern, practical 
and visual method. No previous 
knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in easy 
steps mastering all the essentials of 
your hobby or to start or further a 
career in electronics or as a self- 
employed servicing engineer. 

All the training can be carried out in 
the comfort of your own home and at 
your own pace. A tutor is available to 
whom you can write personally at any 
time, for advice or help during your 
work. A Certificate is given at the end 
of every course. 

You will do the following: 

• Build a modern oscilloscope 

• Recognise and handle current electronic 
components 

• Read,draw and understand circuit diagrams 
•Carry out 40 experiments on basic 

electronic circuits used in modern 
equipment 

• Build and use digital electronic circuits 
and current solid state 'chips' 

• Learn how to test and service every type 
of electronic device used in industry and 
commerce today. Servicing of radio, T.V., 
Hi-Fi and microprocessor/computer 
equipment. 


^SEEING 



NewcJob?NewCareer?NOT^ 



I am interested ir 


1 


COURSE IN ELECTRONICS 
as described above 
RADIO AMATEUR LICENCE 
MICROPROCESSORS 
LOGIC COURSE 


OTHER SUBJECTS 


I 

I 

I 

I 
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TRULY PORTABLE 

Hitachi claim, that never 
before have so many ad¬ 
vances been made in a new 
video model than with the 
Hitachi VT6500 portable 
video system. “It’s portable 
video, that’s truly portable.” 

The new model will appeal 
to the enthusiastic cine user 
as now it is possible to elec¬ 
tronically edit a recorded 
video tape. It has pulse 
control editing that ensures 
that scene changes and over¬ 
lays are clean and in sync 
with no distortion or elec¬ 
tronic “snow” at the critical 

Besides clean picture edit¬ 
ing, the sound can be varied 


PERSONAL 

COMPUTER 

The new Atari 400 and 
Atari 800 personal computers 
are now on sale in the UK, 
under an exclusive franchise 
with Ingersoll Electronics. 

It is Claimed that even 
those who are hesitant about 
owning a home computer 
can have these machines 
“humming” in minutes. 

The suggested retail price 
for the Atari 800 is £645 in¬ 
cluding VAT and the Atari 
400 £345, including VAT. 

Ingersoll Electronics Ltd, 
Dept EE, 202 New North 
Road, London N1 7BL. 



too. Most video recorders 
provide an audio dub facility 
which replaces the original 
sound track with new sound, 
but the VT6500 goes a stage 
better by enabling the user 
to blend new sound material 
with the original sound track 
and not replace it, although 
this is still possible. 


The VT6500 is supplied 
with remote control unit, r.f. 
cable, earphone, cassette 
tape, shoulder bag and bat¬ 
tery for the sum of £677 in¬ 
cluding VAT. 

Hitachi Sales (UK) Ltd, 
Dept EE, Hitachi House, 
Station Road, Hayes, 
Middlesex UB3 4DR. 




provide a wide range of 
video triggering and display 
modes for the monitoring 
and measurement of broad¬ 
cast television signals. 

The OS3351 oscilloscope 
has a 16kV cathode ray tube 
to give a bright display of 
video waveforms, and the 
timebase generator allows 
the instrument to be used 
for the line-by-line examina¬ 
tion of 625-line television 
waveforms or to display a 
complete TV picture. The 
line number selected for dis¬ 
play is indicated on a 3-digit 
l:e.d. display on the front 

Gould Instruments Divi¬ 
sion, Dept EE, Roebuck 
Road, Hainault, Essex 
1G6 3UE. 


TV SCOPE 


A 30MHz dual trace, TV 
monitoring oscilloscope, 
made under licence by 
Gould, incorporates a BBC- 
designed timebase module to 



We use a lot of single-strand 
connecting wire with p.v.c. insula¬ 
tion for circuit building. Gerald 


had an unhappy knack of break¬ 
ing the core. On this oocasdon he 
was securing it under the termi¬ 
nal of a lampholder when the end 
fell off. 

I decided to find out what he 
was doing wrong and discovered 
that he was strippipg the insula¬ 
tion with ordinary side cutters. 1 
must admit that I do this myself 
and he must have picked up the 
habit. I explained that when I do 
it I am careful to squeeze the 
handles only enough to cut the 
insulation and no more. 

With experience this is possible. 
If any greater pressure is applied 
then a “nick” will be made in the 
core. If this is at all deep then 
the wire will break soon after¬ 
wards. If only slightly scored, the 
core will break later, probably at 
a very inconvenient time. 


I told the whole class that it 
was far safer to use the special 
wire strippers which are adjust¬ 
able for the type of wire. When 
correctly “set” they will cut the 
insulation but not the core. 

I decided always to use the 
strippers myself when demon¬ 
strating to the class and to avoid 
also the habit of using my teeth! 

I explained to the class that one 
rather thick single core was very 
fragile and that stranded wire 
should always be used when the 
wire was subject to much bend¬ 
ing. Wire made from many thin 
strands was flexible and could be 
used for headphone leads and the 
like where bending could be 
expected. On the other hand, 
stranded wire was very difficult to 
push into the holes of circuit 
boards unless twisted and tinned. 
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DIGITAL DIE_ 

This die circuit provides a varia¬ 
tion on a theme in that it uses a 
seven segment numeric display in¬ 
stead of a seven dot array to present 
its result. 

The design is based around a de¬ 
cade counter i.c. which is clocked by 
a 20kHz oscillator consisting of two 
nor gates and an R-C network. The 
counter output state when the 
“throw” switch is released is encoded 
into a binary input by the diode 
matrix Dl-9 which is then converted 
to the seven segment display by the 
decoder/driver i.c., the 4511. 



r 


~\ 



The brightness of the display may 
be varied by adjusting the value of 
R3 slightly. 

When the “throw” button is de¬ 
pressed the display will appear as an 


“8” as the numbers change in rapid 
succession. 

D. Butler, 
Colchester, 
Essex. 


AM/FM VARICAP RADIO 

The circuit shown here is for a basic 
varicap diode AM/FM tuner. Instead 
of using a variable capacitor in paral¬ 
lel with the tuning coils to pick up 
the radio signal, a capacitive semi¬ 
conductor device known as a varicap 
diode is used in conjunction with a 
potentiometer. 

The audio frequency end of the re¬ 
ceiver utilises an LM380 i.c. amplifier 
and power is from a 9V battery. 

This type of radio is simple to build 
as there are no complicated setting up 
procedures and tuning is easy and 
quite accurate. 

R. Creed, 
Ruislip, 
Middlesex. 



LIGHT OPERATED CURTAINS 


Readers may be interested in my 
idea for a circuit for the use of open¬ 
ing and closing curtains when no one 
is at home. 

The circuit is a light activated 
switch which operates a relay which 
switches on the curtain motors via 
reed switches SI, S2. The light 
dependent resistor PCC1 and VR1 
provide the bias for the base of TR1 
which triggers the transistor TR1 on 
at a predetermined level set by VR1. 
TR2 is switched on by the operation 
of TR1 and activates the relay RLA1. 

The light dependent resistor should 
be placed close to the window glass, 
or even on an outside wall, so when 
darkness falls the relay can be 
operated. The motors are placed at 
the left and right of the curtain us¬ 
ing fishing line and pulleys attached 
to the curtains. See sketch. 




The reed switches SI, S2, and 
magnets are used to cut off the 
motors when the curtains are fully 
drawn back. The reed switches should 
be the changeover type wired in a 
normally dosed position. 

If mains is used, then the motors 
and switches must be changed to suit. 
A mains 12V transformer is advisable 
for prolonged use. 

Michael Johnson, 
Wilmslow, Cheshire. 
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SPECIAL OFFER! 


PRACTICAL ELECTRONICS 


This easy to build 3 band stereo AM/FM tuner kit is designed 
conjunction with Practical Electronics (July issue). For ease of 
construction and alignment it incorporates three Mullard modules 
‘ n I.C. IF. System. 

FEATURES: VHF.MW, LW Bands, interstation 
muting and AFC on VHF. Tuning meter. Two back 
printed PCB's. Ready made chassis and scale. Aerial: 

AM - ferrite rod, FM - 75 or 300 ohms. Stabilised power 
supply with 'C'core mains transformer. All components 
supplied are to P.E. strict specification. Front scale 
size 10Vi"x 2Vi" approx. Complete with diagrams and instruction! 


- STEREO 
TUNER 


£ 21 . 951 


HIGH POWER 

AMPLIFIER 

MODULES 


n imi r 

STEREO AMPLIFIER KIT 

* Featuring latest SGS/ATES TDA 2006 10 watt output IC's 

* Mullard Stereo Preamplifier Module. 

* Attractive black vinyl finish^binet^9"x8y4"x3%"(approx) 




ssr ss: p|ffs== 




£1.25 p,us 











































Sinclair ZX8I Personal Com| 
the heart of a system 
that grows with you. 


Kit: 

£ 49 .* 


Higher specification, lower price - 
how’s it done? 

Quite simply, by design. The ZX80 
reduced the chips in a working 
computer from 40 or so, to 21. The 
ZX81 reduces the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair 
and custom-built in Britain, this 
unique chip replaces 18 chips from 
the ZX80! 

New, improved specification 

• Z80A micro-processor - new 
faster version of the famous Z80 
chip, widely recognised as the best 
ever made. 

• Unique ‘one-touch’ key word 
entry: the ZX81 eliminates a great 
deal of tiresome typing. Key words 
(RUN, LIST, PRINT, etc.) have their 
own single-key entry. 

• Unique syntax-check and report 
codes identify programming errors 
immediately. 

• Full range of mathematical and 
scientific functions accurate to eight 
decimal places. 

• Graph-drawing and animated- 
display facilities. 

• Multi-dimensional string and 
numerical arrays. 

• Up to 26 FOR/NEXT loops. 

• Randomise function - useful for 
games as well as serious applications. 

• Cassette LOAD and SAVE with 
named programs. 

• IK-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 

• Able to drive the new Sinclair 
printer. 

• Advanced 4-chip design: micro¬ 
processor, ROM, RAM, plus master 
chip - unique, custom-built chip 
replacing 18 ZX80 chips. 


1980 saw a genuine breakthrough - 
the Sinclair ZX80, world’s first com¬ 
plete personal computer for under 
£100. Not surprisingly, over 50,000 
were sold. 

In March 1981, the Sinclair lead 
increased dramatically. For just 
£69.95 the Sinclair ZX81 offers even 
more advanced facilities at an even 
lower price. Initially, even we were 
surprised by the demand - over 
50,000 in the first 3 months! 

Today, the Sinclair ZX81 is the 
heart of a computer system. You can 
add 16-times more memory with the 
ZX RAM pack. The ZX Printer offers 
an unbeatable combination of 
performance and price. And the ZX 
Software library is growing every day. 
Lower price: higher capability 
With the ZX81, it’s still very simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

It uses the same micro-processor, 
but incorporates a new, more power¬ 
ful 8K BASIC ROM - the ‘trained 
intelligence' of the computer. This 
chip works in decimals, handles logs 
and trig, allows you to plot graphs, 
and builds up animated displays. 

And the ZX81 incorporates other 
operation refinements - the facility 
to load and save named programs 
and to 


BASIC manual 


Built: 

£ 69 .* 


Kit or built - it’s up to you! 

You’ll be surprised how easy the 
ZX81 kit is to build: just four chips to 
assemble (plus, of course the other 
discrete components) - a few hours’ 
work with a fine-tipped soldering iron. 
And you may already have a suitable 
mains adaptor - 600 mA at 9 V DC 
nominal unregulated (supplied with 
built version). 

Kit and built versions come com¬ 
plete with all leads to connect to 
your TV (colour or black and white) 
and cassette recorder. 
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for only £49.£ 

Designed exclusively for use with 
the ZX81 (and ZX80 with 8K BASIC 
ROM), the printer offers full alpha- 
numerics and highly sophisticated 
graphics. 

A special feature is COPY, which The ZX Printer connects to the rear 

prints out exactly what is on the of your computer - using a stackable 
whole TV screen without the need connector so you can plug in a RAM 

for further intrusions. pack as well. A roll of paper (65 ft 

At last you can have a hard copy long x 4 in wide) is supplied, along 
of your program listings-particularly with full instructions. 


How to order your ZX81 by cheque, postal order, Access, 

BY PHONE - Access, Barclaycard or Barclaycard orTrustcard. . 

Trustcard holders can call EITHER WAY - please allow up to 

Designed as a complete module to 01-200 0200 for personal attention 28 days for delivery. And there’s a 

fit your Sinclair ZX80 or ZX81, the 24 hours a day, every day. 14-day money-back option. We want 

RAM pack simply plugs into the BY FREEPOST - use the no-stamp- you to be satisfied beyond doubt - 

existing expansion port at the rear needed coupon below. You can pay and we have no doubt that you will be. 

of the computer to multiply your 
data/program storage by 16! 

Use it for long and complex 
programs or as a personal database. 

Yet it costs as little as half the price 
of competitive additional memory. 

With the RAM pack, you can 
also run some of the more sophisti¬ 
cated ZX Software - the Business & 

Household management systems 
for example. 


6 Kings Parade, Cambridge, Cambs., CB21SN. . FREEPOST - no stamp needed. Offer applies to UK only. eveoi I 

Tel: (0276) 66104 4 21282. L—_— — — —-— —-—1 


sin 

ZX8I 


□ Please tick if you require a VAT receipt .TOTAL £_ 

*1 enclose a cheque/postal order payable to Sinclair Research Ltd, for £- 

‘Please charge to my Access/Barclaycard/Trustcard account no. 

•Please delete/complete as applicable. I_i_1_I_I_L__1 J-1-1-1-1-1-1 


16K-byte RAM 
pack for massive 
add-on memory. 


useful when writing or editing 
programs. 

And of course you can print out 
your results for permanent records 
or sending to a friend. 

Printing speed is 50 characters 
per second, with 32 characters per 
line and 9 lines per vertical inch. 
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WEBB ELECTRONICS 


CONTROL PANELS 

1 Battery/mains £32 50 

2 Entex, Batt/mains, timed entry- 

British Standard panels to order 

CABLE 

3 4-core 100m 

4 6-core 100m 

5 Lacing wire 250m 

CABLE FITTINGS 

6 Clips 3*5mm 

7 Clips 5mm 

CONTACTS 

8 Small flush 4-wire 

9 Flush i" quickflt 5 screw 

10 Surface 5 screw 
Aluminiun (Patio) 

PRESSURE MATS 

12 Stair mat 22±" x 6±" 

■' Standard mat 




£1 72 


BELLS & SOUNDERS 

19 Fried land ‘Master’ bell £13-75 

20 I2v Carter’s Minimite rotary siren 

£7-50 

21 2-tone electronic horn £10-76 

22l2v buzzer £100 

SPACE PROTECTION 

23 PE Beams to order 

24 Passive infra red 8m £45-00 


BELL BOXES 

27 ‘B’ type (smaller) 

28 ’C’ type 

METAL BOXES 
hinged I8swg 

29 9* X 6" x 3" 


PERSONAL ATTACK 

' Plastic £2-15 

Metal £3-15 

JUNCTION BOXES 

" ite or ivory 6-way 22p 


WINDOW PROTECTION 

32 Window foil aluminium 50m 

£3 00 

33 Foil Blocks double, will separate 

22p 

BATTERIES 

34 Rechargeable I2v2-6ah £10-50 

35 HP992 dry 6v £2-30 

ANCILLARIES 


It’s easy 
to complain 
about 

advertisements. 


The Advertising Standards Authority. V 
If an advertisement is wrong, we’re here to put it right. 

ASA Ltd., Brook House,Torrington Place, London WC1E 7HN. 
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). BULL (Electrical) Ltd 

(Dept. EE), 34 - 36 AMERICA LANE, | =ff w mT , i | 
HAYWARDS HEATH, SUSSEX RH16 3QU. l.'lliHfliH 
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BUY BRITISH—BUY DOUGLAS TRANSFORMERS 

MAIL ORDER FROM TITAN TRANSFORMERS & COMPONENTS (/*Kl) 

CENTRAL HALL CHAMBERS, DUNCOMBE STREET, GRIMSBY, SOUTH HUMBERSIDE DN32 7EG \ / 

n pp T pp PRICES INCLUDE 15% V.A.T. SEND FOR OUR CATALOGUE 

Utr 1. tt Please allow up to 28 days delivery. 
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_THE LATEST 


WORLD BEATERS. 


WE WILL BEAT ANY LOWER ADVERTISED PRICE BY 5% providing the advertiser has stocks 


FULL SOFTWARE BACKUP 

World's Most Powerful BASIC Pocket Computer 


FX-702P 

RRP £134.95 

ONLY 

£119.95 

lus FREE MiCROL ] 


UUUJUJUJUH—E3LJ 1 


Programming Pack* ( 

attens the Sharp PC 1211 

scrolling LCD. Variable input fr< 


BO steps, 
ed off. Up t 

10 programs. Subroutines; 10 levels. FOR:NEXT looping; 8 levels. Debuggini 
and Editing. 55 built-in functions, including Regression and Correlation, all usabl 
in programs. Program/Data storage on cassette via optional FA-2 adaptor 
(£19.95). Auto Power OfT. 17x 165x82mm. 176g. 

World's Fastest Programmable? 

FX-602P 


F 


Mllli: 


★ LCD alpha/nuraeri 

* 


) /l 2 *steps with 


rtoiTv P e,s. 


k Memory and program retention 
when switched off. 

k Up to 10 pairs unconditional jumps 
(GOTO). 

k Conditional jumps and count iumos. 
Indirect addressii 

I 51? sclent 

k PAM°^Algebraic) with 33 brackets 
at 11 levels. 

* Program and data storage on 
cassette tape using optional FA-2 
remote control adaptor, £19.95. 
k Compatible with the FX-501P and 
FX-502P. 

k 9.6x71 x 141.2mm. lOOg. 

ONLY £74.95 

(RRP £84.95) 

ig Pack* (RRP £9.95). 


FP-10 MINI PRINTER 

For FX-702P, FX-602P, FX-502P, F: 


MiCROL 702 USER SUPPORT 

Professional Programming Pack. Get the best from 
PROFESSIONAL PROGRAMMING 


n your FX-702P with: 

- practical 702 programming from the 

_ _iNUAL - definitive guide to every 702 

imand - INVALUABLE! MiCROL 702PPP. Price £9.95 


is 702 REFERENCE M 


Advanced Professional Programming. Create power packet 
MiCROL’s down-to-earth guide to the advanced 702 prog 
Create simple solutions to complex problems! 

Available December, 1981. MiCROL 802 APP. Price £7.95 

MiCROL 702 APPLICATIONS SOFTWARE 

MiCROL 702 Super:Calc. At last! The power of a VISIC ALC-type modelling 
system in a pocket computer! For all scientific, statistical, business and general 
computing users, SUPER :CALC has to be used to be believed - create 
powerful programs in minutes - answer ‘what if questions - analyse trends - cut 
programming time up to 95%. Full range easy-use commands; SAVE/LOAD/ 
PRINT options. FA-2 recommended; FP-10 optional. Full detail User Manual 
plus Program List for direct entry. 

Available December, 1981. MiCROL 702 S:C. Price £14.95 

MiCROL 702 Basic:Plus. Add the power of up to 20 new commands to your 
programs! Custom-made to ease advanced programming - features include: 
String - number conversions; single-shot, await, timed KEY with user-controlled 

--*--RAN H generator; DATA-PACKING - up to 2000 

les; INTEGRATED DISPLAY COMMANDS - 
ra-low memory overheads. Modular design uses 
minimum memory; easy io customise. Full-detail User Manual plus Program List 
for direct entry. 

Available December, 1981. MICROL 702 BsP. Price £14.95 


lie digit^si 


LOW COST PROGRAMMABLE 

CASIO FX-3600P 10 digit LC display. 55 scientific functions including 
INTEGRALS and REGRESSIONAL ANALYSIS. Up to 38 program 
. steps - 2 programs. One independent memory, 6 constant memories, all 
retained when switched off. 1,300 hour lithium battery. 9/32x2jx5j". 


ONLY £22.95 


g. RRP of 702P/602P ve 


World's Most Versatile 
Alarm Chronograph Watch 
AX-210 

10 alternative displays; over 60 functions. LCD 
ANALOG display of time, plus: DIGITAL dis¬ 
play of: Time (12 or 24 hour); Calendar; Full 
month calendar (this month and next month); 

Dual time (12 or 24 hour); Alarm time; 
Countdown alar~ —jj— h 

rofessional 1/1 
:c. Hourly time 


(RRP £34.95) ONLY £29.95 

CASIO'S NEW JOGGING WATCH 




J100 PACE RUNNER 
Sets the pace for 1982 

Displays hours, minutes and seconds (12 or 24 
hours system), day and date. Auto calendar; 
calculator; professional 1/100 second stopwatch 
measuring net, laps and 1st and 2nd place times; 


your running, or any other event. 

Input data: Length of stride. Pacer signals, from 
394 pips per minute to 63 pips per minute. 
Output data: Elapsed time, up to 24 hours. 
Distance covered, number of strides, and speed. 

(RRP £22.95) ONLY £19.95 

100 METRE WATER RESISTANT 50M W/R 

d 


CASIO W-150C CASIO W-150B CASIO W-5I 

S/Steel case All S/Steel All S/Steel 

resin strap 

£21.95 £24.95 £22.95 





calendar, calculator, 

— stopwatch, dual time, 

DIGITAL SPACE 
INVADER GAME. 

LATEST PRODUCTS 

AA-85 Restyled AA-81. Analog/digital alarm cronograph. 

LC-950 A new metric conversion calculator with a double display. 
BG-15 Calculator with built-in boxing game. 

FX-82 More powerful version of the FX-81 



DELIVERY NORMALLY BY RETURN OF POST. 

Orders received by December 18th should be delivered in time for Christmas. 


PRICE includes VA T and P&P. Send your company order, cheque, PO or phone your Access or Barclaycard. 

I.FADING CASIO SPECIALISTS 
Dept. EE, 

164/167 East Road, Cambridge CB1 1DB 
Telephone: 0223 312866 


TEMPUS 
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TOTAL ENERGY DISCHARGE electronic 

ignition gives ail the well known advantages of the best capacitive 
discharge systems. 

PEAK PERFORMANCE - higgler output voltage under all 

conditions. 

IMPROVED ECONOMY-no loss of ignition performance 


DIMENSIONS: Length 12.5 cm 

Width 8.9 cm 

Height 4.3 cm 
Lead length 100.0 cm 

TECHNICAL DETAILS 

The basic function of a spark ignition system is often lost among claims 


FIRES FOULED SPARK PLUGS no other system can better the 
capacitive discharge system's ability to fire fouled plugs. 

ACCURATE TIMING - prevents contact wear and arcing 

by reducing load to a few volts and a fraction of an amp. 

SMOOTH PERFORMANCE- immune to contact bounce and 

similar effects which can cause loss of power and roughness. 

PLUS 

SUPER POWER SPARK- 3% times the energy of ordinary 

capacitive systems - 354 times the power of inductive systems. 

OPTIMUM SPARK DURATION 3 times the duration of ordinary 

BETTER STARTING-full spark power even with low 

battery. 

CORRECT SPARK POLARITY unlike most ordinary C.D. systems 
the correct output polarity is maintained to avoid increased stress on the 
H.T. system and operate all voltage triggered tachometers. 


to consider that, even in a small engine, the burning- 

5000 times the energy of the spark, to realise that the spark is only a 
trigger for the combustion. Once the fuel is ignited the spark is insignificant 
and has no effect on the rate of combustion. The essential function of the 
spark is to start that combustion as quickly as possible and that requires 
a high power spark. 

The traditional capacitive discharge system has this high power spark 
but, due to it's very short spark duration and consequential low spark 
energy, is incompatible with the weak air/fuel mixtures used in modern 
cars. Because of this most manufacturers have abandoned capacitive 
discharge in favour of the cheaper inductive system with it's low power 
but very long duration spark which guarantees that sooner or later the fuel 
will ignite. However, a spark lasting 2000pS at 2000 rev/min. spans 24 
degrees and 'later' could mean the actual fuel ignition point is retarded 
by this amount. 

the TOTAL ENERGY DISCHARGE system. This gives ignition of the 
weakest mixtures with the minimum of timing delay and variation for a 
smooth efficient engine. 


L.E.D. STATIC TIMING LIGHT for accurate setting of the engine's 
most important adjustment. 

LOW RADIO INTERFERENCE fully suppressed supply and absence 
of inverter 'spikes' on the output reduces interference to a minimal level. 


DESIGNED IN RELIABILITY an inherently more reliable circuit 
combined with top quality components - plus the 'ultimate insurance' 
of a changeover switch to revert instantly back to standard ignition. 


INKITFORM it provides a top performance 

electronic ignition system at less than half the price of competing ready- 
built systems. The kit includes everything needed, even a length of solder 
and a tiny tube of heatsink compound. Detailed easy-to-follow instructions, 
complete with circuit diagram, are provided - all you need is a small 
soldering iron and a few basic tools. 

AS REVIEWED IN ELECTRONICS TODAY MAGAZINE 

JUNE '81 ISSUE 

Quote "the kit is very impressive" 

"well written instructions and a good performance". 

"Exellent value for money. Highly recommended". 

FITS ALL VEHICLES , 6 or 12 volt , with or without ballast 
NEGATIVE EARTH ONLY 

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS 
Some older current impulse types (Smiths pre '741 require an adaptor - 
PRICE £2.95 

STANDARD CAR KIT £14.85 plus £i 
TWIN OUTPUT KIT £22.94 u.k. p.&p. 

For MOTOR CYCLES and CARS with twin ignition systems 

Prices include V.A.T. 

ELECTRONIZE DESIGN 

Magnus Road, Wilnecote, 

Tamworth. B77 5BY 




SUPER POWER DISCHARGE CIRCUIT A brand new technique 
prevents energy being reflected back to the storage capacitor, giving 354 
times the spark energy and 3 times the spark duration of ordinary C.D. 
systems, generating a spark powerful enough to cause rapid ignition of 
even the weakest fuel mixtures without the ignition delay associated with 
lower power Tong burn' inductive systems. 


HIGH EFFICIENCY INVERTER A high power, regulated inverter 
provides a 370 volt energy source — powerful enough to store twice the 
energy of other designs and regulated to provide sufficient output even 
with a battery down to 4 volts. 

PRECISION SPARK TIMING CIRCUIT This circuit removes all 
unwanted signals caused by contact volt drop, contact shuffle, contact 
bounce, and external transients which, in many designs, can cause timing 
errors or damaging un-timed sparks. Only at the correct and precise 
contact opening is a spark produced. Contact wear is almost eliminated 
by reducing the contact breaker current to a low level - just sufficient to 
keep the contacts clean. 


TYPICAL SPECIFICATION 


TOTAL ORDINARY 
ENERGY CAPACITIVE 
DISCHARGE DISCHARGE 


SPARK POWER (PEAK) 140 W 

SPARK ENERGY 36 mJ 

(STORED ENERGY) 135 mJ 

SPARK DURATION 500 fiS 

OUTPUT VOLTAGE (LOAD 50pF 

EQUIVALENT TO CLEAN PLUGS) 38 KV 

OUTPUT VOLTAGE (LOAD 50pF + 500 KO 

EQUIVALENT TO DIRTY PLUGS) 26 KV 

VOLTAGE RISE TIME TO 20 KV 

(Load 50pF) 25 yS 


TOTAL ENERGY DISCHARGE should not be conf 


90 W 
10 mJ 
65 mJ 
160 ^jS 

26 KV 
17 KV 
30 yS 




inductive systems or hybrid so called reactive systems. 

Goods normally despatched within 7 days 
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ELECTROVALUE 


RD C fl £1 RO°8 P RT; P RD2: 10R-82R; RD3: 100R- 
100K-82K^ RD7: 1M-10-10M. £150 each 

LD30A red LED's (2 9mm): 25 from £1 58. 
L51RD red LED's (5mm): 25 for £1 58. 

1N4007 (1000V, 1 A) diodes: 25 for£1 30. 
1N5402 (200V, 3A) diodes: 25 for £2 80. 
BC107/BC109: 25 for £2 98. 
BC182/182L/183/183L/184/184L: 25 for £1 88. 
BC212/212L/213/214/214L: 25 for£1 88. 
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CLASSIFIED 

The prepaid rate for classified notes should always be sent 
advertisements is 28 pence per word registered post. Advertisements, 
(minimum 1 2 words), box number together with remittance, should be 

60p extra. Semi-display setting sent to the Classified Advertisement 
£7-24 per single column centimetre Manager, Everyday Electronics, 
(minimum 2-5cm). All cheques. Room 2337, IPC Magazines Limited, 
postal orders, etc., to be made pay- King's Reach Tower, Stamford St., 
able to Everyday Electronics and London SE1 9LS. (Telephone 
crossed "Lloyds Bank Ltd." Treasury 01-261 5918). 




i Classified Advert 


(B) That you have < 

(C) That your nam 
block capitals, a 

(D) That your letter 


Receivers and Components 

300 SMALL COMPONENTS, transistors, 
diodes, £170. 71bs assorted components, 
£4-25. lOlbs £5 75. 40 assorted 74 series ICs 
on panel, £1-70. 500 capacitors, £3-20. List 
20p, refundable. Post 60p. Optionable insur¬ 
ance 20p. J.W.B. RADIO, 2 Barnfield 
Crescent, Sale, Cheshire M33 1NL. 

TURN YOUR SURPLUS capacitors, tran- 

sistors etc., into cash. Contact Coles Hard¬ 
ing & Co., 103 South Brink, Wisbech, 
Cambs. 0945 4188. Immediate settlement. 
CASES, ABS witn p.c.b. slots L&W, with 
aluminium recessed cover-panel to en¬ 
hance your controls, 150X90X50mm £1-55. 
196 X 113 X 60mm £2 05, 130 X 68 X 41mm 
£1 10, 83 X 54 X 28mm 80p. Cases pressed 
steel with aluminium base and panels, 
recessed and vented, 102 X 86 X 83mm £1-70, 
150 X 61 X 103mm £2 55, 150 X 76 X 134mm 
£3 04, 184 X 70 X 160mm £4 08, D X H X W. 
19-in Rack System, brushed aluminium 
front panel with chrome handles, with 
vented rear case including adjustable 
height chassis. L425 X D250 X H140mm, 
assembled £23-50, flat pack £19-50. All 
orders plus VAT at 15 per cent+P&P 50p; 
orders under £5. Lists 28p. Industrial and 
Trade enquiries welcome. RELAY-A-QUIP, 
Moat Lodge, Stock Chase, Maldon CM9 
7AA. (0621-58686 ) 24 hrs. 


Transformers, various voltages, from £12-00. 
List: R. Neville, Green Lane, Ellisfield, Nr 
Basingstoke, Hants. 


ZZZHI! LEDs—green, yellow, amber, 5mm, 
12p. Capacitors—lOOpF, 40V, ll-5p. Plus 30p 
P&P. STRAIGHTMAN ELECTRONICS, 35 
Melbourne Road, Ilford, Essex. 


_For Sale_ 

NEW BACK ISSUES OF "EVERYDAY 
ELECTRONICS”. Available 85p each Post 
Free, cheque or uncrossed PO returned if 
not in stock. BELL’S TELEVISION 
SERVICES, 190 Kings Road, Harrogate, 
Yorkshire. Tel: (0423) 55885. 


A WISE INVESTMENT. A full technical 
library contained within six books—on 
three thousand pages full of circuits and 
data. The ideal gift for the enthusiast. 
Offer open for 3 months only at £15-00. E.R. 
Books, West Haven, Marldon, Paignton, 
Devon TQ3 1ST. 


Software 


SIXTY-FIVE ZX81 PROGRAMS. Listing 
only £4-95, Barclaycard accepted. Includes 

finance, maths, chequebook, plus more. 
Includes hints’n’tips, from SUSSEX SOFT¬ 
WARE, Wallsend House, Pevensey Bay, E. 


ZX81 Temperature Sensors (single chan¬ 
nel), £19-50, includes UK P&P. SAE leaflet: 
Cheshire Micro Design, 66 Close Lane, 
Alsager, Stoke on Trent. 


Books and Publications 

PARAPHYSICALS JOURNAL (Russian 
translations): psychotronic generators, Kir- 
lianography, gravity lasers, telekinesis. 
Details: SAE 4 x 9in, Paralab, Downton, 
Wilts. 

MUSIC MAKER. Typewriter keyboard re¬ 
places piano type. Amateur organ builders 
send £1-00 for your copy—post free— 
“QWERTONIC MUSICAL KEYBOARD” a 
new book by P. G. Roche, to 71 Elmfield 
Avenue, Teddington, Middlesex TW11 8BX. 


Service Sheets 

BELL’S TELEVISION SERVICE for service 

sheets on Radio, TV etc. £1-25 plus SAE. 
Colour TV Service Manuals on request. 
SAE with enquiries to BTS, 190 King’s 
Rd. Harrogate, N. Yorkshire. Tel: 0423 55885. 


Any single service sheet £1/L.S.A.E. 
Thousands different Repair/Service 
Manuals/Sheets in stock. Repair data 
your named T.V. £6-50) with circuits 
£8-50). S.A.E. Newsletter, Price Lists. 
Quotations. 

AUSEE, 76 CHURCHES, 
LARKHALL, LANARKSHIRE 


Middlestown, Wakefield. 


ORDER FORM PLEASE WRITE IN BLOCK CAPITALS 

Please insert the advertisement below in the next available issue of Everyday Electronics for . 

insertions. I enclose Cheque/P.O. for £. 

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Everyday Electronics) 


NAME . 

ADDRESS. 

Company registered In England. Registered No. 53S2«. Registered Office: I 
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Miscellaneous 


OSCILLOSCOPE repair and calibration. 
Quick service, competitive rates. W. I. R. 
Electronics, 01-367 6816. 


BALLARD’S OF TUNBRIDGE WELLS have 
moved to 54 Grosvenor Road. No lists. SAE. 
All enquiries phone T/Wells 31803. 



STORAGE CABINET 



ENAMELLED COPPER WIRE. 10 SWg to 
45 swg. S.A.E. for quotation by return, 
cheapest prices. 102 Parrswood Road, Man¬ 
chester 20. 


PRE-PACKED. Screws, nuts, washers, solder 
tags, studding. Send for price list. A1 
SALES (EE), PO Box 402, London SW6 6LU. 
CENTURION BURGLAR ALARM equip- 
ment, send SAE for free list or a cheque/ 
PO for £11-50 for our special offer of a 
full sized signwritten bell cover to: Cen¬ 
turion, Dept EE, 265 Wakefield Road, 
Huddersfield, W. Yorkshire. Access & 
Barclaycard. Telephone orders on 0484 
35527. 




DIGITAL WATCH BATTERIES any type 
£1-20 each. Send SAE or 15p with number 
or old battery to DISCLEC Y, 511 Fulbridge 
Road, Werrington, Peterborough. 


CORDLESS TELEPHONES, make your own 
inexpensive units. Send £3-00 for simple 
easy to follow plans to J. F. ASHLEY, Bir- 
ley Grange, Cottage Farm, Baslow Road, 
Cutthorpe, Derbyshire. 
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►<?Aot B.K. ELECTRONICS 

A SOUND CHOICE <?Oj: 

★ PROMPT DELIVERY ★ PRICES INCLUDE V.A.T. ★ AMPLE STOCKS 
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY 
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•••••• 

• in our • 

CATALOGUE • 

320 big pages packed with # 

data and pictures of ^ 
over 5,500 items • 

•...•* 

Over 100,000 copies sold already! 
Don’t miss out on your copy. 

On sale now in all branches 
WH Smith price £1. 

In case of difficulty check the coupon below. 



* Same day service on in-stock lines 

* Very large percentage of our stock lines in stock 

* All prices include VAT 

* Large range of all the most useful components 

* First class reply paid envelope with every order 


make it easy... 
•* with 


® ® ^ Easy to build, 
send for our new 
book giving full construction 
details, order as XH55K 
price £2.50 inclusive. 


IRSII^IIII II ELECTRONIC SUPPLIES LTD. 

All mail to: P.0. Box 3, Rayleigh, Essex SS6 8LR. 



* Quality components-no rejects-no re-marks 

* Competitive prices 

* Your money is safe with a reputable company 
On price, service, stock, quality and security it makes 
sense now more than ever to make IRfiliG' 
first choice for components every time! 


Post this coupon now. 

Please send me a copy of your 320 page catalogue. I enclose £1.25 
find. 25p p&p). If I am not completely satisfied I may return the 
catalogue to you and have my money refunded. If you live outside the 
U.K. send £1.68 or 12 International Reply Coupons. 


Tel: Southend (07021554155 Sales: (0702) 552911 


alia leal 




















